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Report o£ the Secretary of the 
Smithsonian Institution 

LEONARD CARMICHAEL 
For the Year Ended June 30, 1956 

To the Bo(ird of Regents of the Smith^ormn ImtituHon: 

GESTt+EHES" I T liiTB the honor to submit a report showing tho 
actlTiti^ and condition of the Smitlssonian Ijistitutioii end ita 
hranchea for the fiscftl year ended June 30, 

GENERAL STATEMENT 

Botanists have learned in their study of the ringa in the cross sec* 
tion^ of trees tliat all yenra ai'e not equally favorablB for growth. 
When sun and moistwiie are just right, developinent is best. In the 
life of the Smithsonian Institution, the one hundvied and tenth ring, 
wUlch is coTOted by this report, sliows what is probably an unparal¬ 
leled period of healthy growth in this old and honored institution. 

Muaciuii of Tlialorf uid TeiJmolopr Aaiired 

I^ast year it was possible to report that $3,298,000 had b™ appro¬ 
priated to plan tlie already authorized new Museum of Hiato^ and 
Technology budding for the Smithsonian. This year the additional 
$33,713,000 has been appropriated to make possible the building of 
this great and most urgently needed new museum structure. 

The established site for this building is an admirable one. It is in 
the Mall area of the Capital, near other Smithsonian buildings, and 
is bounded on tlie north by Constitution Avenue, on the east by 12th 
Street, on the south by Madison Drive, and on the west by 14th 
It is espected that Hie construction of the foundation of the building 
will begin in the spring of 1D57, and it Is hoped that the building 
be completed in 1060. 

The Smltlisonian Regents selected the New York firm of McKim, 
Mead & White as architects for the building. Under its direction 
the development of the necessarily elaborate plans for the Btructiye is 
progressing in a most promialng manner. These plans are 
worked out so as to meet tlie requirements for the new biiiidmg 
that have been set by the staff of the Smithsonian Institution on the 
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basis of detailed study of similar bnildiogs and especlaDy on the 
basis of tlic kDOw]ed|!e of the objects to be ^lisplayed in it. 

The Joint Committee on Construction of a Building for the Museum 
of History and Technology for the Smithsonian In&titation, of which 
our Begant Senator Clinton B, Anderson is chairman, and our Begent 
John SI. Voiye, Hou^ of Eepresentatives, is secretary, has devoted 
much careful attention to the architectural problems presented by the 
building. When thu new structure becomes a reality, the hlatiou will 
owe a deep debt of gratitude to the wisdom and effective n sff isfanc e 
that this oommittco has provided in the development of the new 
museum. Tlio fuU membership of the committoc is as follows: 

dluEQn R Andi^nozi. Senntor tiom New Metico. 

Leverett Salton^tall, Semitor frons M«e*5ichTiMttA 
H, Alexaiidiir Smltb,, ^imtor ftom New Jersey, 

Stoiirt Symtjjjrtoiif B^-uator from Missouri, 

Ildivurd ftfurtin, Beneitor from I^nnsjlrAnSa. 

ClJirence Canntin, [ieproseuuitlTe from MlsaouH, 

Overtoil Bepmeotative froni Loulirlsiniu 

Robert E. JoUvs, Jr^ EepresenbitlTe frnni Alflbnma. 

John M, Voiysp Representative from Ohio. 

I-norence CurtU, Hepres^Utlve frflm Maesachuiietti 

Now that the Museum of History and Technology building is becom¬ 
ing a reality, we must remember that even this great structure is but 
one step, although a very important one, in providing our Nation with 
suitable modern buildings in which to house and display its rnicqualed 
collections that teU the story of the rise to greatneeg of tlie United 
of Amerjca- 


□taer Dnildiog? N-ettled 

f- . 1 '!“ "<**' <=f th. Sraittom™, 

ftat a hich has highest pnonty is the expangSon of the Natural History 

l^^'lding were aS 

thoriscd by tlie Congress, Tins was done because at that time—a 
quarter of a centu^ ago-the crowding of the Nation’s great Natural 

vea^^nHtr’’” iiJtolerable. In the intervciiiiig 

y^rs, conditions m tins bmlding have become progressively w^ 

tlie'h^r^*^ collections must be piled to the cdling in 

M building. It is most mWdy 

to he hoi^ that during the present year funds may be appropriated 

. 11 ». J™ Z S^£ir„”fer a'aT„S°“ 
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been declared unavailable to the Institution. OtW promi^g lo^ 
tiona, however, are ready for consideration. The National Air 
lliiSum today mamtaing, mostly in storage for the futur^edective 
displays of the worlds most comprehensive collection of lustoric air^ 
craft, incluiUng innumerable devices and pieces of scientific apparat^^ 
that are related to this important phase of midem lifa It is 
that funds may soon he prtividetl to make possible a Buitabic building 
for the National Air Museum in close proximity to the other units of 

the Smithsonian. * 1,0 

The Congress, in 1846, authorized the establt^etit, wtthm t^e 
Smithsonian organization, of an art gallery, which Inter was desig¬ 
nated as the National Collection of Fine Arts. Tiie uni>ortnnt works 
of art in the custody of tiiis bureau are now iiiappropnately iiouseU 
in the Natural Hislocy Museum. A new and pro^r budding to ac¬ 
commodate this notable collection and to make possible the acceptance 
of other available collections in the line and decorative arts was au- 
diorised by the Congress in 19SS, In spite of many eflo^ however, 
tlie private funds that were expected to finance the planning an 
erection of this building have not been secured. Each year pra^ura. 
from the public to make this building a reality becomes greater. Soon 
some positive action in regard to this problem must be token. 

Congressional proposal has been disensaed m the public pr^ for 
the establishment, possibly as a new and separate bureau of the bimth- 
fionian Institution, of a National Portrait Gallery. It has 
gested that this collection be boused in the old Patent O^o Bmlding. 
This handsome building is now occupied by offices of the Civil 
Commission, but it is not too weU suited for a modem or^ building, 
It is believed that this architecturul monument of early Washm^on 
could be transformed without too great cost into on admirable gallery 
to house coUoctions of portraits of Americans who have contributed 
importantly to our country. The possibilily tiiat the Natio^ Col- 
lectioa of Fino Arts coold also be homed m tins building deserves 

Besides tlie buildings mentioned abovo, additional structures are 
urgently needed by the Sniitlisonian Institution at ^e Natio^l 
Zoological Park. There is also continued discussion by mte^ted 
memters of the public of the need for the erection of a ^ationa 
Planetarium in connection with the Smithsoman s Astrophysical 
Observatory. Such a building would have great educational value 
for the millions of citizens who come each year to Washington. 

Rcboilfliiig oJ EihiBilfl CoTHinue* 

The program for the renovation of the e.vbibite in the old exisri^ 
Smith^nian buildings, which has been discussed previously, oontmued 
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dat-iitg tlie period covered by tliia roporL On llarch 23, 1356, the 
new Bird Tlall of the NiUural History Mu^um was opened to the 
public. It has been described by one intemationally known ornitho¬ 
logical expert aa Hie tnoet effective and most instructive inuseum 
display of birds in the world. Dr. Herbert Friedmann, curator of 
birds in the United States National Museum of the Suiitbsouiau 
Institution, ia aii artist ns well as a scientist, and he and his associates 
developed this hall in such a way as to make it not only beautiful and 
eye-arresting but also instructive. 'ITie notable success of this hall, 
with its many new display features, ilhistmtes a function of the 
Smithsonian Institution that is not always remembered. This is an 
age in which mnseums are becoming very common throughout tile 
country. Leadership at the Smithsonian in the development of effec¬ 
tive museum displays is thus especially important because, as the 
world’s largest museum in number of cataloged objects, it almost auto¬ 
matically seta for many other museums a pattern for guidance in 
developing now and smoU museums throughout the country. TheiB 
is broad advantage, therefore, wiien the Smithsonian lends the way 
in new museum display ideas as it has done in the Bird Hall and in 
the other recently opened halls that are trunsfonning the old 
exhibitions of the lustitudon. 

During the y^ progress was made in the renovation of tire second 
secion of the AmcHcan Indion HaU, the Engineering Power Hall, 
and the Health Hall. The notable artistic work required for the back¬ 
grounds of tlie new North American Mainmal Hall was produced 
under special contracts. Part of the Printing Art Hall in die old 
Smithsonian Building was renovated and is now open to the public. 
The lights that have been installed in this halt are, so for as is bown, 
the first artificial illumination of any kind ever to be used in this 
section of dia Imtituticn. Piogress was also made in preparing a hull 
displaying the style of life of the early American colonies. 

Under the diflicult conditions already referred to, improvements in 
displays were mode both in die National Collection of Fine Arts and 
in the Notional Air Museum. Many of tlie plaster casts, which wei« 
in far too great a variety of scides and wliich have long confused 
the visitor on entering the Eotunda of the Natural History Museum, 
have been placed on exhibit elsewhere or are m storage. 

Rehabilitation of the structures of the older Smithsonian buildings 
went on dining the year covered by this report Painting of the re¬ 
maining halls and courts in the Arts and Industries Building, started 
last year, was completed. It is believed that some of tlila painting, 
such as that on the underportious of the roofe, ia possibly the first since 
the building was completed in 1878. New and safer entrance and 
eiit doors were installed in this building. 
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Kina halla of the Naturtil History Building Tpcra also repainted, 
and a contract iras let for the urgently needed repair of the roof of 
this great structure. The ancient eo-caUed “converter" heatmg ^stem 
of this building was modemiaed and made more economical. Steam 
lines in various buildings, which were in a dangerous condition, wore 

replaced. . , _i 

IVork on tlia air-conditioning of the Freer Gallery of Art was 
begun. The air-conditioning of this building will protect the pne^ 
less objects of art contained in the Freer collections which were deteri¬ 
orating under the extremes of temperature and humidity of TVushing- 
ton. Also, possibly for the first time since this building was opened, 
the gallery Iieib been completely repainted, and its library has been 
renovated and provided with adequate lighting fixtures. Modem rest 
rooms for tlia public i¥e:r 0 opesiod in the Natural History Building and 
in the old Smithsonian Building. 

Rcsc&rcb in xlftrophy^ci 

It is always important to remember that SttuthsOTii in est^lishing^ 
his institution, and the Congress, in founding it, directed that it should 
not only “diffuse knowledge" but also “jnere^ knowledge." 
the current year, effective research Ims continued in all tlie scientmc 
and artistic departments of the Tiistitntton. A particularly notable 
development, aa is indicated in the detailed report that follows (p. 65) 
has taken place in ttie program of the Smithsonian A atrophy sical 

Observatoiy'. , . 

Astrophysics has long been one of the principal research activiti^ 

of the Institution, With the retirement a year ago of Loyal B. 
Aldrich as head of this bureau, it became clear that, because of the 
growing importance of astrophysics in national defense as well as in 
pure science, tlie future program of this bureau r^uired careful study. 
With the assistance of Mr. Aldrich, authorities in this field were con¬ 
sulted and it was agreed that the time was ripe to expand both the 
bureau’s facilities and progiams. The SmiUisonian was fortimate 
in securing as director Dr. Fred L. Wliippl^ tlien chairman of the 
Department of Astronomy at Harvard University. The scientinc 
headquarter of the Observatory have been moved from temporary 
buildings behind the old Smithsonian Building to more adequate 
quarters in immediate association with tlie Harvard College Ohse^a- 
toiy in Cambridge, Mass, By this physical change, the Astrophysieal 
Observatory of the Smithsonian Institution, without compromising its 
independence, has gainwl the advantage of close asociation with an 
active group of Ecientists in the mathematical and physical as well as 
astronomical Kiiences- Without such association, modern advances 
in aatrophysics are severely handicapped. 


6 


AXKUAL EEKinT SM^^HS0NIA3^ IiraTLTOTION| 10511 
Dr. R^tirca 

The National Gallei^* of Art, a bureaQ of tlio SmiilrsoiDaii^ has hiixl 
a notable year. The art world hag been saddened by the fai^t that at 
the close of June^ Director of the National Gallery, Dr, David E. 
Finley, who^ unremittLng labor has done so much to make tins insti¬ 
tution world famous, reached retiirracnt age. It is moat gratifying 
to announccj however, that tills important post has been filled by the 
promotion of John Walker, Chief Curator of the Gallery, to the post 
of Dirccton Mr. Walker has been connected with the Gallery from 
its beginning and hringg to his new post an ouiatanding intemationsl 
reputation as a student of art, 

Fmiaclnl Support 

Grants continue to be matle to tjic Smithsonian by private founda¬ 
tions, by individuals, and by other agencies in support of specific 
earvico fnnetions, such as the Bio-Scienceg Information Exchange, 
and many research pro]ects. One of tiie most interesting of these 
gi'ants numes the Smithsonian Institution as the agency to organize 
throtighout the world the program of observing the artificial earth 
satellites that are to be launched under the auspices of the In ternational 
Geophysical Year, The fact that the SmilJisonian Institution was 
selected for this important function attests tlm recognition accorded 
to it by the scientists who are responsible for this great And novel 
project. 

DetiiHed reports of all the ten bmemis under the direction of the 
Smitlisoniun Institution follow. In addition, there ai-e included a 
report on tlie Siiiitlisonian Ifibrary (p, 1S3) and a report of the Edi¬ 
torial and Publications Division (p. 197) with a complete list of the 
publications issued dur^ tlio year. These publications have had a 
mostentliusinstic reception by the scientific and learned world. 

In concluding this general introduction to the 1960 Smithsonian 
Annual Eeport, it is imimssible to resist an expression of deep appre- 
ciaton to the Regents of the Institution for all that they have done 
during the current year to advance the welfare of the Smithsonian. 
The executive committee of tlie Board of Regents has been mo^ active 
and effective in tlte difficult tasks of niEinaging tiie details of the private 
funds of the Institution. In many other ways the Regents, nf»t only 
as a corporate body but also as individuals, have made possible the 
really memorable advances in tlio Smithsonian that are recorded in 
this report of the opemtions of its one-hundred and tenth year, 

THE establishment 

llio Smithsonian Institution was created by act of Congress in 1846 
m accordance with the terms of the will of James Smithson, of Eng- 
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land, who in 18S6 bequeathed his property to the United Stated of 
America “to found lit Wrishington, imdeF the name of the Smithsonian 
Institution^ an establiEhment for the incrtase and diffusion of knowl¬ 
edge among uien,^^ In receiving tlie property and accepting the trust, 
Congress determined that the Federal GoTcmmcnt wiis without au¬ 
thority to administer the trust directly, and, therefore, constituted 
an “establishment’* whose statutory xnembei's are ^^e President, the 
Vice President, the Chief Justice, and the heads of the executive 
departments.” 

THE BOARD OF REGENTS 

The affaire of the Institution are administered by a Board of Regents 
whose membe-rship consists of “the Vice President, tlie Chief Justice 
of the United States, and three members of the Senate, and three 
members of the House of Eepresentatives; togetl>er with sis other 
peiwns, other than members of Congress, two of whom slmll be resi¬ 
dent in the city of Wasliington and the other four shall be inhiibitanta 
of some State, but no two of them of tlie same State,” One of tlie 
Regents is elected Ghoncellor of the Board. In the past the selection 
hag fallen upon the Vice President or the Chief Justice^ 

The past year brought tlie resignation of a highly valued member 
of the Board, Dr* VauucTar Bush, who had been a Regent since April 
5, 1840^ He w as also a tneinber of the executiwe ooininJtlw of the 
Board and in this capacity, too, rendered distinguished and outstand¬ 
ing serrice to the Institution. 

The Board is honored to welcome as new members the foUowing: 
Everette DeGolyer, to succeed Harvey N* Davis, deceased; Craw¬ 
ford Hallock Greene wait, to succeed Vannevar Bush, resigned ; and 
Caryl Parker Haskins, to succeed Owen Josephus Eoberts, deceased. 

The annual informal dinner meeting of tlio Board was held in the 
main liall of tlie Sinitlisoniim Building on tlie evening of January 12, 
1056, amid various ejchibita showing phases of the work being carried 
on at present* Brief talks on their special delds of research and ac¬ 
tivities were made by two staff members: Dr. T. Dale Stewart and 
Dr, Fred L- Whipple. 

The regular annual meeting of the Board was held on Januaiy 13, 
1056. At this meeting the Secretary presented his published annual 
report on the activitieg of the Institution and its bormus; and Eobert 
V. Fleming, chairman of the executive aud permanent committees of 
the Board, presented the fmancial report for the fiscal year ended 
June 1855. 

T!ie roll of Regents at the close of the fiscal year wns follows ^ 
Chief Justice of the United States Earl Warren, Chancellor; Vice 
President Richard Nixon; members from the Senate: Clinton P* An¬ 
derson, Leverett SaltonstaH, H* Alexander Smith; membors from 
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thfi House of Eepresentatives: OTorton. Brooks, Clarence Cannon, 
John M- Vorjsj citizen memterg: Arthur H. Compton, BTerette Lee 
DeGolyer, Robert V. Fleming, Crawford HL Grecnewnlt, Caryl P. 
Ufisklria^ and Jerome C. Htmsakiir^ 

finances 

A Etatement on financed, dealing particularly irith Smitiisoni^an pn- 
vute fmids, will be found in the report of the ezBcutive committee of 
the Board of Regents, page SOL 


AP?ROPKlATlOffS 


Funds appropriated to the Institution for its tegular operations for 
the fiscal year ended June 30, 19B6, total $4,166,000, obligated as 
follows: 


Manfl temont-------—^--— - 

UnlteU StBtefl National Masetua-— -— 

Bureau of American Etlmo1*>gs^_-—— 

AfitropliyricAl Observat^iry—^— -—— 

K^tLnual <3o1 lection of Floe Arta--- 

Nntlutial AJr Mu^^jnni—----- 

Intemfttioujil Eichaege Serrke--— 

CanEil Kotie BloIo^^lcJll Aren----- 

Malntimaiifre nnl operatloii of tultdiiigfu- 

Other eenoral serriees-^-- --— 


^77,9m 

50.24S 
121.102 
47,635 
120,334 

00. we 

14.326 
1, 626,376 
422, IM 


T^^tol _____-4.m OOO 

In addition^ the Inistiturion received an appropriation of $2,2^,000 
for the preparation of plans and specifications for the new Museum 
of History and Technology, 

Besides these direct appropriations, the Institution received funds 


by transfer from other Government agencies os follows: 

Frpin tHo Difltrict of ColomliiH for tile Natloiml Zooleoicol Park -— KSfiO. 900 

Fp>in Uie Nfitloiml Park Servlt_^, DepfirtiuetiC of the Interior^ for the 
mver BUflln Sarveyfi^^---------- 92,360 


Yisnoiis 

Visitors to the Smithsonian group of buildings during the year 
readied an all-tinie high of 4.145,591, which was approximately a 
quarter of a million more than the previous year, April 1955 was the 
mouth of largest attendance, with G6T,752; May 195t> second, with 
597,566; June 1956 third, with 489,999. Largest attendance for a 
single day was 54,466 for March 81,1956. Table 1 gives a summary of 
the Attendance records for die five buildings^ These figures, when 
added to tlie 8,788,229 ^timated visitors at the National Zoological 
Park and 1,013;246 recorded at the National Gallery of Art, moke a 
total number of visitors at the Smithsonian of 8,947,066. 
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A special record wtia kept during the year of groups of school 
children visiting the InatUution. These figures are given in table 2: 


Tabm 2L—GrotijM vf kAmI cA^drm Ihc SfliTVftiortinB jFfutiiluficnt, 1B5S ISSS 


Yodr and month 

Kumber of 
gYQupa 

Number ol 
children 

July 

1955 

1 B7 

1,064 

Angimt 



4,370 

fipntjamhpr 


94 

2i6S5 

Oriit.rihrtr _____ 

3U 

10, 559 

Nf>Tprnh<^r _ _ 



12,392 

December 


167 

4,717 

TAnkinirtr 

i&se 

190 

5,086 

V jf — — —— — ■ 

"PiiKpnnrv 


369 

10, 621 

M A7Ch- _- - - - 

1,231 

41,655 

ApT^I __ _ 

2.501 

94, 569 

Mmv ____—-^ 

3^033 

15a 061 

June__ 


1, 491 

44, 609 

- ---a- -*■■-■ — — ■■■■ 



TntnS 


IQ. iST 

335, 137 





LECTURES 

In 1931 the Institution received a bequest from James Arthur, of 
New York City, a part of the income from which was to be used for 
an annual lecture on some aspect of the study of the sun. The t^nty- 
third Arthur lecture was delivered in the auditorium of the Natural 
History Building on the evening of April 26,1950, fay Dr. Donald H. 
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Menzd, director of the Harvard College Observatory, Cambridge, 
Masa, This illustrated lecture, on the subject “The Edge of the Sun,” 
will be publiBhed in full in the general appendis of the Annual Keport 
of the Board of Regents of the SimtbBonian Institution for 1956. 

John K. Marshall, of the Peabody Museum, Cambridge, Mass,, 
showed his color film "The Hunters--A±rican Bushmen” before a 
large audience in tho Natural History Building auditorium on the 
evening of February 9, 1956- This showing was under the joint 
sponsorship of the Smithsonian Institution and the Anthropological 
Society of Washington. 

Prof. Millar Burrows, chairman of the Department of Near Eastern 
Languages, Yale Univeraity Graduate School, delivered his lecture on 
“Tho Dead Sea Scrolls” before an overflow audience in the Natural 
History Budding on the evening of February 29, IDoB. This lecture 
was sponsored jointly with the Archaeologicai Institute of America. 

Dr. Gimuar Hiorsou, of the Zoological Museum, Copenhagen, Den¬ 
mark, on the evening of May 10,1056, lectured on the subject “The 
Relationship Between Prey and Predator on the Sea Bottom” in the 
auditorium of the Natui'al History Building. This was one of a series 
of lectures that this distinguished foreign scientist delivered m 
A m erica that Season. 

Several lecture were also sponsored by the Freer Gallery of Art and 
the National Gallery of Art. These are listed 111 the reports of these 
bureaus. 

BlO.SaEMCES INFOEMATIOtf EXCHANGE 

Tlie Bio-Scienoes Information Eitehange continued during the year 
under the directorship of Dr, Stella L. Deignan. This agency operates 
within the Smitlisonian Institution under funds made available to the 
Institution by otlier govemmcntal agencies. By porforming the 
unique function of effecting an exchange of mformation on work just 
beginning or not yet published, it serves as a clearinghousa for current 
research in the biological, medical, and psychological sciences. Its 
services are provided, free of charge, to investigators associated with 
recognized research institutions in the United States and abroad. 

The body of information within the Exchange now consists of brief 
abstracts of over 10,000 active research projects and of a somewhat 
greater number of summary statements on investigations which are 
no longer current. The studio registered with the Exchange are for 
the most part being carried out in laboratories in tlie United States. 

Bequests for information on work in scientific fields come to the 
Exchange from grunting agencies, committees, and from individual 
inv^tigatois. For the first two groups, detailed surveys of current 
work in broad fields are provided; for the individual investigator tlie 
service is limited to information on work on one or a series of speclfi- 
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cally dclined problems. The pm-pose is not that of a refenstico libra^ 
to proiride guidance to publications, but to place investigators in 
contact vrith others having immediate and similar interests. 

During the liscal year 1056 replies to over 900 requests for Bubjcct 
information were supplied by the Exchange. Among the^ were 
requests for rosters of scientists to be used in planning syniposia, con¬ 
ferences, and international scientific meetings, and calls from scientists 
abroad irho were planning itineraries for visiting United States 
laboratories, as ivell ag from investigators planning problems and 
wishing to know of otliers in minted fields. 

A primary purpose of the Exchange is to prevent the inadvertent 
duplication of support by granting agencies of a field of research or 
of an inTestigntor, To carry out this responsibility, the Eichange 
prepares, at the request of government and uongoTornmeiit granting 
agencies, r^unies of the support of men, research institutions, and 
departments of sneh institutions. Approximately 7,600 such reports 
were prepared during the year. 

Because a large proportion of the research registered is supported 
by grants and contracts, the Erchange prepares for its cooperating 
agencies and, within the Unlitg of its charter, for otlier qualified groups, 
statistical infornmtion on the amount and distribution of research 
support. As a coiTelation to liaisons with granting agencies, it pro¬ 
vides also a considerable body of information on the general policies 
of granting agencies. As staff and time perniit, this information is 
employed to aid scientists in locating possible sources of support, 

JUNIOR LEAGUE DOCENT ACTTVITIES 

In the fall of 1955, through the cooperative assistance of the Junior 
League of TVashington, a program was inaugurated for a volunteer 
docent or educational guide service in Smithsoninn exhibition halls 
for elementary school children in tlie Greater Washington area. Such 
a service has long been needed at tha Institution, Tlie pro]ect is one 
of many voltintary progTunis undertaken by members of the Junior 
League, 

This program is under the immediate supervigion of Frank M. 
Setzler, head curator of the National Museum’s department of anthro¬ 
pology, who undertook the task in addition to his regular duties. 
Eepresenting the Junior League are Mrs. Robert Nelson, Jr., chair¬ 
man of the project, and Mrs. Alexander Chilton, vice chairman. They 
organized the volunteers and met frequently with tha Secretary, 
Mr. Setzler, and other Aluseuru officials concerned with procedures 
and scripts. 

To begin the program, two of the recently modernized exhibition 
halls were selected—the Hall of American Indians and the First 
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Ladies Hall. The professional staff of the Smithsonian Institution 
prepared the scripts used by the docents. AH the drudgery of organ¬ 
izing the tours, notifying the various elementary school systems in 
the District and those in the adjoining counties of Maryland and 
Virginia, and making all tour arrangements 'with tlia school teacher 
and respective docent, was graciously assumed by Mrs, Nelson and 
Mre. Chilton. 

On JAnuary 1956, the Brat trial was held tn the American Indian 
HnU, and the first official scheduled tours began Febniaiy SO. The 
following Junior Leaguers served as docents in the American Indian 
Hall: Mrs. Qeoige Goodrich, Mra. William iIcClure, ilrs. Bobert 
McCormick, Miss Mary McNeil, Mrs. John Manfuso, Mrs, John Mash- 
burn, Mrs. Bobert Nelson, Mrs. Bolling Powell, Mrs, Walter Slowin- 
ski, and Mrs. George Wyeth. 

During the final stages of completing the First LAdies FTall, a 
script was prepared emphasizing in tliis unique display graphic por¬ 
trayals of interesting episodes in our American history. The program 
for fifth- and sixth-grade pupils was inaugurated on ilhrch 1S156. 
The following served as docents in the First Ladies Hall; Mrs. Alex¬ 
ander Chilton, Mrs. WHliain Evers, Mrs, Walter Gravte, Mre. Harold 
Hull, Ml'S. John W. Kem, III, Miss Mary L. Kmyenbuhl, Mrs. Peter 
MacDonald, Mrs. Jay B. L, Beeves, and Mrs. John Schocnfeld. 

In reviewing the number of tours and cliildren accommodated in 
tins ^ort period, T am extremely pleased with die response and yet 
somewhat chagrined that the Institution has not been able in the past 
to otter more of this kind of service. The numerous requests for 
it only accentnste the acute need for this type of educational pro¬ 
gram, Moreover, it becomes especinlly desdrable us we eontinuc to 
niodeniiae our exliibltion halls. During the 3-montli period in the 
American Indian Hall the Junior League completed 5S toiira, escort¬ 
ing over 3,000 third- and fourth-grade pupils. During tlic 
month period in the First Indies of the VtTiite Ilouse Hall, 44 tours 
guided over 1,600 elementaiy school classes. 

One of the most encouraging featuies resulting from a final con¬ 
ference before the summer vacation period began was the manifest 
enthusiasm on the part of the Junior Leaguers to continue this school 
guide service in the aforementioned two halls and to extend die pro¬ 
gram to other new halls as they are completed and opened to the 
publ ic. 

In many ways the project has been the culmination of several years 
of hopes, desires, and plans for assisting school children in under¬ 
standing the Smitlisonian-s new and modernized exhibition halls. 
I feel confident tliat the members of the Board of Begents join with 
me in eixpresaing gratitude to tlie members of the Junior League 
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Dooent Service and tho$a members of our professional staff who pEir- 
tidpated in the establishment of one more educational program within 
the Smithsonian Institution. 

SUMMARY OF THE YEAR'S ACTIVITIES OF THE INSTITUnON 

A'^aHi^Tial Mmeum .—Accessions to the national collections showed 
a normal growthi slightly more tlian 900,000 specimens being added 
during the year. Tho total catalog entries in aU departments now 
number 43,756,010. Some of the year's outstanding accessions in¬ 
cluded: In anthropologjj coUecdons of ethnological material from the 
Sudan, Peru^ and New Zealand, fine lots of pottery and ceirainiG tiles, 
a collection of Mexican jade ite^ a series of pathological hum (in bones 
from nimoie, and a group of early Eskimo skeletons; in zoology, valu¬ 
able coUecdons of mammals from Siam and Africa, a Boss seal from 
the Antarctic, a giant sea bass from the Marshall Islands^ a coUeetion 
of over S30j000 termites, and more than XOjOOO invertebrates from die 
Antarctic; in botany, the James Smith l^remorial Collection of fossil 
diatoms from the Philippmes and important lots of plants from 
Brazilj New Guinea, Australia, Idaho, and Alaska; in geology^ an 
exhibit of synthetic diamonds, ll meteorites new to the Musennij sav- 
eral thousand tniscellaneous but important invertebrate fo^ila In¬ 
cluding many type specimens, a notable collection of fossil fishes and 
reptiles from Kansas^ and an example of a very rare Middle Eocene 
bow fin from "Wyoming; in engineering and industries^ an nnusual 
number of turbine and other power machines; and in history, additions 
to the collection of IVhite House state china, more than 39,000 phila¬ 
telic specimens lent by former Postmaster General James A- Farley, 
including original, autographed sketches of stanipa made by President 
Franklin D. Boose velt. 

Members of the staff conducted fieldwork in Peru, Europe, Canada, 
Palau Archipelago, Libya, West Indies, Fimoma, and many parts of 
the United Statei^. 

The exhibits-modemization program was successfully continued, 
and tJie new Bird HaU was opened to the public. 

Bureau of American Ethnology .—The staff mombera of the Bureau 
continued tiieir researches and publication in ethnology and arche¬ 
ology: Dr. Stirling his Panamanian studies, Dr. Koberts big work as 
Director of the Rivor Basin Surveys, Dr. Collins his archeological 
fieldwork in the Hudson Bay area, and Dr. Drucker his Mexican 
studies. 

A^trophysical 0 bsej^alory.Scimti&c headquarters of the Observ¬ 
atory were moved to Cambridge, Mass., at the beginning of the year* 
Bi^oadened research programs of the agency now include not only 
strictly solar research but also meteoritic studies and studies of tlie 
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M^er ntmo(Sphere< The Otserratoty is also participating m the 
new Satellite Tracking Program of tiio Internationa] GeopliyEical 
Year. The division of radiation and organisms oontinned its research 
on tJie role of light in regulating growth in higher plants. 

Collectim of Fine ArU~ —^The Smithsonian Art Commis¬ 
sion accepted for the Gallery I oil painting, 3 miniatureS| a German 
antique cabinet, a ooUection of 3X pieces of glassware, 2 ceramic pieces, 
and 3 bronze busts. The Gallery held 13 special exhibits during the 
year, while the Smithsonian Traveling Pjshibitlon Service circalated 
1^2 exhibitions, 71 in the United States and 1 abroach 

Freer Gcdlery vf ArL —PDrehases for the coUcctions of the Freer 
Gallery included Chinese bron;^, paintings, and pottery| Japanc^ 
lacquer work, metalwork, and painting; Indian and Syrian metal¬ 
work; Coptic painting; and Persian pottery. The Gallery continued 
its program of illustrated lectures in the auditorium by distinguished 
scholars in Eastern arL 

Air the Mtiseimi^a stored materials have 

now been moved to the storage facility at Suitland, Mil During the 
year US specimens in 45 separate accessions were added to the aero¬ 
nautical coUectione, including tlio first Pitcairn autogiro constructed 
in America, a Stcarman-TTammond airplane of tlie the Curtiss 

Hobin monoplane Ole which established an endurance record in 
1035, an original amphibious aircraft of 190fl“12, and a Bell P-39 
Airacobra, bemdes many scale models and other aeronautical acces¬ 
sories and eqnipmenL 

Natumol Zool^gieal Park ^—Tlio Zoo accessioned 1,710 individual 
animals during the year, and 2,155 were removed by death, exchange, 
or return to depositars. The net count at tlie close of the year was 
2j965* Koteworthy among the additions were a pair of European 
wisents, a rare dwarf Bolivian armadillo, an olingo from Colombia, 
fine examples of gelada baboons, and a Guianan crested eagle. In all, 
252 creatures were bom or hatched at the Zoo during the year—77 
mammals, 43 birds, and IK reptiles. Visitors totaled 3,78^,229. 

(7<z7uU Z&ne Biologic^ Zetek, longtime resident man¬ 

ager, retired at the end of May. He is succeeded by Dr. Carl E. 
KofonL The year-3 visitors to tho island totaled 440, of whom about 
50 were ^lentists using the fltation^s facilities for special researches^ 

tnterruiiional Faiclumge Service.— the official United titatea 
agency for the exchange of governmental, scientific, and literary 
publications between this country and other nations, the International 
Exchange Service handled during the year 1,161,855 packages of such 
publications, weighing 8b3,056 pounds, about the same as last year* 
Conaignmciita were made to aU countries except China, North Korea, 
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Outer Mongolia, ConmuJiiiat-controlled ai'ens oi Viet-Nnm and 
and the Haipliong Enclave. 

National Galiery of —Tlie GaUeiy received 477 acceaaiona dur¬ 

ing tile year, by gift, loan, or depoait. Ten special exhibita were held, 
and 23 traveling exhibitions of prints from the Bosenwald CoUeetimi 
were circtiiated to other galleries and museums. Exhibitions from the 
“Index of American Design” were given 4a bookings in 20 States and 
the District of Columbia. Nearly 40,000 persons attended the various 
tours conducted by Ghillery personnel, and the 42 Sunday-aftomoon 
lectures in the auditorium attracted 9,470. Tlie Sunday-evening 
concerts in the east garden court were continued. 

Zifcrfl 73 ^.—total of 78,715 publications were received by the Smith¬ 
sonian library during the year. In all, 237 new exchanges were ar¬ 
ranged. Among the gifts were several privatja collections of valuable 
material, both of books and periodicals. At the close of the year the 
holdings of the library and all its branches aggregated 956457 vol¬ 
umes, incinding 586,•147 in the Smithsonian Deposit in the Lubrary of 
Congress but excluding unbound periodicals and rcpiitits and sepa¬ 
rates frem serial publications:. 

P^licaiUms. —Seventy-four new publications appeared under tbo 
Smitlisonian imprint during the year (see Keport on Publications, 
p. 197, for full list). Outstanding among these were “Tlio Brome- 
liaoeae of Brazil,” by Lymitn B. Smith; “The Tjast Cruise of IT. M. S. 
Loof* by Mendel L. Peterson; “Cha^an and Eclated Brachiopods” 
(2 vols.) by G. Arthur Cooper; “The Honey-Gulctea,” by Herbert 
Friedmann; “The Ditid: Origin Mytlis of the Navaho Indians," by 
Aileen O’Bryan; nnd “Chinese Porcelains from the Ardobil Shrine," 
by John Alexander Pope. In all, 434,380 copies of printed matter 
were distnhuted during the year. 


Report on the 

United States National Museum 

Sia: I have the honor to subroit the following report on the condi¬ 
tion and operations of the United States National Museum for the 
fiscal year ended June 30p 1956: 

COLLECnONS 

During the year 905i473 specimena ivcre added to the national col¬ 
lections and distributed among the sis departments as follows: An¬ 
thropology, I9j37l; zoology, 409,127; botany, 32,616; geolo^, 43,900 ■ 
engineering and industries, 4,292; history, 301,167. This increase is 
smaller than last year, when the unusual increase resuh^d from the 
accession of several million amall fossils* This year’s total is a more 
normal annual accietion* Most of the aciiTessions were, received as 
gifts from indmduals or as transfers from Government departments 
and agencies. The Annual Report of the Museum, published as a 
separate document, contains tt detailed Hst of the year’s accessions, of 
which the more important are summarized below* Catalc^ entries in 
aU departments now total 43,756,010. 

Anthropology-^Among the outstanding aoccssiona received in the 
division of ethnology is a collection of specimens from the environs 
of Nasir on the Sabat River in South Sudan, East Africa, presented 
by Rev. A MacRoy, an American missionary^ These come from an 
area hitherto unrepresented in t)ie national collectiona* An ioterest- 
ing object ia a mneh-wom leopard skin, a traditional court acccssoiy, 
on which the witness aits while giving evidence during a trial. A 
perjurer would be subject to dii*e consequence:^ if he gave false evi¬ 
dence while sitting on this leopard skin. Rings perforating one cor¬ 
ner indicate the number of occasions the skin has been used by wit¬ 
nesses* Another item, significant of the culture of the Nuer, is a fight¬ 
ing bracelet of brass, generally worn on the right wrist hy men and 
women alike. 

While building a railroad in about 1910, Alesander J* Korria col¬ 
lected objects used in the daily life of the j\rawak Indians living m 
the colony of Perene in the watershed of the Rio Peran^ (upper Uca¬ 
yali River), and from the Quechua Indians in the vicinity of Cuzco, 
Peru. These ethnological specimens consist of hunting and fishing 
weapons, woven ponchos, and various objects of personal adornment, 
10 
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presented by Mr, mid Mrs, Josepli C- Green, Another actpiisitioE of 
note, a. Etylistically ciirred wooden treasure box, “waka,” originally 
presented to Pi-esidcnt Calvin Coolidge by the assembled chiefs of the 
Arawn, was transferred from the Department of State, The Arawa, 
a federittion of Maori tribes living on the east coast of New Zealand’s 
North Island, claim descent from members of the Arawa^ the legend¬ 
ary voyaging canoe that brought tlie Maori to New Zealand, A 
notable collection of ceramic tiles given to the division by E. Stanley 
Wires, ranges from early Moorish, Sfiaiiish, and Dutch tiles t o Am er- 
lean types of recent manufacthure. They are the result of Mr. Wlres’s 
lifetime interest in tlie history of tile manufacturing. Through the 
efforts of Mr, Wires, the tile collection was further enhanced by a pair 
of ceramic tile panels with animal designs in relief, sculptured by the 
late Frederick G. E. Both and presented by his widow. 

Other donations to the ethnological coUections include a total of 
ITO eminples of Rock wood and other late nineteenth centmy and early 
twentieth century pottery assembled by the late Dr, Edwin Kirk and 
presented by his widow, Mre. Page Kirk 5 17 examples of stoneware 
and pottery made by country potters in iJarylund, Penn^lvania, and 
West Tirginia, given by Clyde N, Fahrney; and ntimeroua glass and 
ceramic specimens together with documented papers and account books 
presented by ^liss Madeleine Wilkinson. 

The division of archeology received a collection of 18T polished 
jadeito and other atone objects froni La Venta, Tabasco, Mexico, as a 
permanent loan from the filuseo Nacional, Mexico. These include 
beads, celts, figurines, ear-spool parts, and other objects representing 
the prehistoric Olmec culture of southeastern Mexico. A group of 
conch-shell segments elaborately carved with anthropomorphic and 
ceremonial art motifs in the style of the late prehistoric Southern 
Cult, from the Spiro Mound, near Spiro, Okla., was received aa an 
indefinito loan froni the Liglitner Museum of Hobbies, St^ Augustine, 
Pta, A large collection of pre-Spanish Peruvian artifacts consisting 
of carved wood, metal, textiles, stone, and pottery, coUected about 1910 
in rern by Alexander J. Norris, was presented as a gift by bia 
daughter, kfrs, Joseph C, Green, and her husband, A large collec¬ 
tion of archeological material excavated from prehistoric sites on 
Hokkaido Island, Japan, was generously donated hy Lt, Col. Howard 
MacCord, who ban added many unusual objects to the collections. 

A of pathological human bones ^m Calhoun and Jersey 

Counties, 111., was donated to the division of phyaical anthropology by 
Dr. P. F. Titterington. Many of the examples of pathology are nn- 
nsual and extremely interesting from the st&ndpoint of the history of 
disease. All the material relates to a late prehistoric period, A collec¬ 
tion of 85 skulls received from the Winter Institute of Philadelphia 
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includes material na longer obtainable and fills some gaps in the na¬ 
tional coUectJonE- Ontstanding in this series is a group of early 
Eskimo skeletons collected by the W, B. Van Talin-Jotm Wanatnaker 
EzpeditioDf UniTereity of Pennsylvania Museum ^ 101T-19. These 
Eskimo skeletons were found at Point Barrow, Alaska, and represent 
the bearers of the well-known ^^Old Bering Sea Ivoiy Culturo/* 
Zoology -—One of the most valuable and largest single accessions, 
comprising 600 specimens collected by Robert E. Elbel in Siam, waa 
received in the division of mammals. Included was an especially good 
seriea of squirrels and earnivores from localities not previously repre¬ 
sented in the collections^ Several noteworthy African mammal col¬ 
lections included 250 B|>et!imen3 from Libya collected by Dr. II. W, 
Setter; 61 specimens from the Belgian Congo obtained by Dr^ Waldo 
L. Schinitt in tlic course of the SmithsoniaTi-Bredin Expedition j and 
smaller collectlolts made in the Gold Coast by Donald Lamm and in 
Kenya by John P. Fowler. From Ponape in the Caroline Islands, a 
team lieaded by Dr. J. T. Marshall, Jr., investigating the ecology of 
the local rat populations under llie auspicies of the Pacific Science 
Board, sent lu a collection of 103 mammals. Another welcome addition 
consists of a skeleton of a large sperm whale and the tyi>es of three 
baleen whales priesented by the Academy of Natural Sciences of Phila¬ 
delphia. Worthy of notice also are the approximately 300 small mam¬ 
mals collected by Dr. C. O. Handley, Jr., and John L. Paradiso at 
selected sites in the Middle Atlantic States, Among the mdividuat 
accesaioi^ of ontstaoding interest is a Rosa seal brought back by the 
U. S* Navy-fl Antarctic expedition. Other interesting additions in¬ 
clude a rare big-eared bat ^IdionycteriA phylhlis) from Arissona, a 
rock wallaby from the introduced colony on the island of Oahu in the 
Hawaiian group, tlio type of a new shrew from North Carolina ob¬ 
tained by Dn Albert Schwartz, and the type of a new bog lemming 
from Kentucky sent in by Br. R, W. Barbour. 

nie more iropKsrtant of the year's ormtliological accessions consist of 
145 bird skins from the Gold Coast and 137 bird Bkins from Burma, 
both lots collected by Donald W. Lamm. Two deposits were received 
by the Institution: BDO skins, 12 akeletons, 2 alcoholic specimens, 5 sets 
of figga, and a nest from Panama collected by Dr. A. Wetmore; 261 
skins and 32 skeletons of buds collected in Northern Rhodesia by E, 
L HaydocL A transfer from the U. S. Fish and Wildlife Service 
increased the AluseWa North American collection by 1,400 bird skina. 

Through Dr. Hobart M. SmitJi, the division of reptiles and ampldb- 
ians received f rom the University of Illinois the gift of 25 paratypes of 
of Mexican reptiles and amphibians. Other noteworthy gifts include 
lot reptiles and amphibiaiis from Gcnnany and Cuba donated by Jerry 
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D. Hardy, and 478 reptilea and amphibiana f I'om Virgima collected 
by William Tj. Witt. 

In recent ycaia the division of fisbea has received a number of very 
valuable private collections. This year the largest accession, 2,550 
specimens, tbfl remainder of the collection of the late DrJV^illiam C. 
Kendall, was transferred from the Uni veralty of Maine. Throagh Dr. 
J. M. Carpenter, of the University of Kentucky, the division also re¬ 
ceived 914 South American fishes, forming the collection of the late 
Dr William Ray Allen. Other types of fishes were received from the 
California Academy of Sciences; Dr. William A. Gosline, of the Urn- 
vereity of Hawaii; the Chicago Natural History Museum; the Univer¬ 
sity of Hawaii; and Herbert R. Axelrod, editor of the “Tropical Fish 
Hobbyist,” Among 5S Pacific fishes transferred to the Museum by 
the Atomic Encr^ Commission was a giant sea bass {Promicrops 
laneeol^itus ), the firet record for the Marshall Islands. A gift from the 
University of California yielded (!34 fishes from the eastern Pacific- 
From the Smitlisonian-Bredin Expedition to the Belgian Congo, 55fl 
fishes collected by Dr- Waldo K Schmitt were added to the collections. 
Worthy of mention also is the fine series of 1,246 Alabama fresh-water 
fishes received in exchange from Dr, J. S. Dendy, of the Alabama Poly¬ 
technic Institute. 

By trtuisf 0 r from brandies of the TJ+ S. ItepjtrtnieTit of 
the division of insects received tliree valuable collections: The largsest 
single necession in the past decade or more, consisting of over 330,^ 
termites transferred from the Forest Service nixin tlio recoi^cndation 
of Dr. T, E, Snyder, one of the world’s lending anthoritiea on these 
destructive insects; over 13,000 miscellaneous specimens from the 
Cereal and Forage Insects Laboratory, f^fnyette, Ind.; and nearly 
70,000 specimens from the Entomology Research Branch. Among the 
year’s notable gifts were the 4,400 specimeiis consisting of 4,127 exam¬ 
ples (including immature stages) of the family Psychidae (Lepidop- 
tera) and 273 hjnnenopterous parasites reared from them, donated by 
Dr. Frank Morton Jones; the pergonal collection of Dr. F. W. Pooe, 
comprising 3,433 miscellaneous North American inBCcta; an important 
lot of 1,553 midges {atdieoidef) from Hawaii, given the Mi^mn 
by Dr. W. W. Wirtli; 3,577 reared flies of the family Drosophilidae 
from the Department of Zoology, University of Texas; and the second 
most important collection to come from Thailand, 3,331 insects col¬ 
lected by Robert E. Elbel with the aid of a grant from the Casey Fund. 

Outstanding among the colicctiona received in the division of 
marine invertebrates were 1,709 fresh-water crustaceans^ ^d other 
invertebrates obtained by the SinUlisonian-Bredin EspK ^ 0 

Belgian Congo and 267 Australian decapod cnifitoceans pnrehased 
through the Richard Rathbun Fund from S. Xellner of Sydney, 
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Other valuable gifts included the personal collection of Associate 
Curator Charles E. Cutresa, consisting ol 1,0A6 coelenterstes and other 
invertebrates from tlie Ha’waiion and Marshnll Tslandsj New Zealand^ 
Oregon, and Florida; miscellatieotis marine invertebrates from 
the University of California, through I>r. Theodore H. Bullock; 75 
porcellanid crabs from the Institut Erangais d’Afrique Noire, Da^r, 
through Dr. Theodore Monod; SOO isopods of the genus Lvmnoria from 
Dr. Bohert J, ^lenzies, Lamont Geological Observatory, Palisades, 
N- Y., and D6 specimens of the nearly extinct shrimp Barbouria 
cuhinsis (vonMartens) from Dr. Miguel L. Jaiime, Museoy Biblioteca 
do Zoologfa de la ITiibana, Cuba. As an exchange, 37 copepods from 
tlie Indian Ocean were received from the Zoological Survey of India, 
Calcutta. Two comprehensive collections received ns transfers^^ne 


from the U.S. Fish and Wildlife Service, comprismg crustaceans 
and other invertebrates from survey vessel collections in the Gulf of 
Mexico and oil the southeastern United States, the other from the 
U. S. Navy Hydrographic Office—brought to the national eoUections 
plankton siunples and other invertebrates amounting to more than 
10,000 specimens from the Antarctic. 

The division of mollusks was foliunate in receiving considerable 
material from regions poorly represented in its collections. An ex¬ 
change from the Bemioe P. Bishop hliiseiim yielded 531 specimens 
from the Bonin Islands; 600 marina mollnsks from Kuwait at the 


head of the Persian Gulf were sent in by ITarrison 31. Symmes: 
and 447 land and mnrine mollusks from Libya were collected 
for the Museum by Dr. Henry W. Setzflr. Fine series of North 
American sliells were received; 4,150 specimens from Arkansas in¬ 
cluding some paratypes from Henty B, Wheeler; 262 miscellaneous 
mollusks, including 4 holotypea of the new species of the genus 
Coma, donated by Dr. dean tie S. Schwengel. For the helmintholog¬ 
ical collections Dr. Edwin J. Bobinson, Jp., contributed the types of 
two new species of trematodes, and Prof, Helen L Ward sent in the 
liolotypc of a new actmthowphaliin. A specimen of the rare deep¬ 
water coral PociUopofu mcdvmfPieii^ Vaughati was donated to tlie 
coral section by the Bernice P, Bishop Museum. 

Sotony.—Notable gifts to the Nationsd Herbarium were 1,21)8 speci- 
mens of Brazjllan plants, many from remote areas, contributed by 
the Institute Agronomico do Norte, Belem, Brazil; and 8S3 m'asses 
pven by the B^lsh Plant Breeding Station, University College of 
Balra, as voucher material of cytogenetic studies of Lolmm and 
A fine collection consisting of 420 slides and 66 photomicro- 
of fossd diotoms from tlie Sumtnulong Shale of the Philippine 

was assembled by the late James Smith, of Pa.< 5 adena, Calif., and will 
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bo kept intact as a unit to be known as the James Smith Memorid 
Colloction. C, V. Morton obtained 1,060 specimeds of plants on bis 
collecting trip to the Sawtooth Wilderness Area, Idaho. 

SigniJicant material from the Guay ana Highland area, Venezuela, 
included 1^341 spcciniens sent by the New York Botanical Garden in 
exchange or with a request for identifications; and 330 sijeeimenB 
received from the Chicago Statural History Museum as a gift for 
names. 

A valuable collection of 1,000 Brazilian plants collected by Amaro. 
Maccdo was purchased by the Museum. More than 900 plants of Fiji 
and New Caledonia collected by IL S. McKee were_ acquired in part 
hy purchase, in port for identification, and in part in exchange from 
the Botanical Gardens, Department of Agriculture, Sydney, Aus- 

tralia. , 

Among the numerous exchanges were 1,285 plants of New Guinea 
and Australia received fiom the Commonwealth Scientific^ and In¬ 
dustrial Research Organization, Canberra, Australia^ and speci¬ 
mens from the Academy of Natural Sciences of Philadelphia, includ¬ 
ing a number of historic importance from the Unite<l States and Latin 
American countries* 

Two transfere were received froin the Itepartinent of the Interior t 
5TS plants of Alaska collected by \'ictor TI. Cahalune froiu thfi^ha- 

tioiial Park Service; and 1,191 plants of Micronesia collected by F. R. 
Fosberg from tlio Geological Survey. 

Specimens of great scientific and historical value, made 
by the General Electric Co. and described by them as the first syn- 
thetic diamonds, make up one of the most unusual and juteresting 
items added to the mineral collection in recent years. Among other 
fine and rare mihcrais received as gifts are: From Prof. A. Schoep 
a specimen of his new species Ukasite, a complex copper nitrate from 
the Belgian Congo; from Prof. F. Tleide cryata^ of his new iron- 
boracite (ericaite) from the South Marz District, Germany; and 
several large masses of jadeite from a newly discovered locality in 
Guatemala, collected for the Museum by James Itapont 

Among the 664 specimens added to the Roebling coUec^on were 
soma of outstanding exhibition quality, including an 18-inch pink 
tourmaline crystal from Mozambique, a flawless peridot crystal from 
Burma weighing 455 carats, and a magnificent group of unusually 
large autunito crystals from the Daybreak mine near Spokane, W 
From tliB led-zinc mines of Trcpca, Yugoslavia, came a senes of 
select crystallized specimens of pyrrhotite, splialerite, imd arsenopy- 
rite, A magnificent specimen of the rare paradamite from the 
Ouelja mine, near Mapimi, Mexico, recently described as a new ^ecies 
by Dr. George Switzer, was obtained as an exchange. 
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Aznong tlte impottOJit specimens credited to the Canfield collection 
is a large specimen of brilliant green crystals of tlie copper sillcftte 
dioptasQ from French Equatorial Africa^ and a largo opal mass with 
brilliant fire from Virgin VaUey, Neir. 

Several unusual gems from Burma acquired by purchase from the 
Chamberlain fund for the Isaac Lea collection include a riolet-colored 
spinal (30 carats), yellow dnnburite (18 carats)^ and yellow diopside 
(5 carats) * 

Eleven meteorites new to the collection, purchased through the 
Eoebling fund, are r Cushion^ Okla,, Achilles, Kana,, Bimunu, Nigeria, 
Giroux, Can., Clover Springs, Arise., Lombard, Mont, Brigg^ale, 
Colo., Livingston, Mont, Ovid, Colo., TailHin, N. Mes., and Rifle, Colo. 

Important gifts received in the division of invertebrate paleon¬ 
tology and paleobotony include types and figured specimens of Upper 
Canibrion brachiopods received from Dr* W* C. Bell, University of 
Texasj 4,500 specimens of Tertiary mollusks from Los Angeles 
County, Calif., presented by Mrs* Effie Clark i and 2,000 specimens of 
Lower Devonian fossils from Orange County, N. Y., given by Robert 
Finks of Brooklyn College* Important gifts of Foraminifeni oxb; 

type specimens from Venezuela donated by W. H. Blow; 28 type 
slides of Puleoeene species from New Jersey given by Dr, J, ITofker; 
and 315 type slides from tlie Juro^jc, Cretaceous, Paleoccno, and 
Eocene of Egj'pe presented by Dr* Rushdi Said. 

Tbe mvBrtcbrate fossil collect ions were further enhanced through 
field trips made po^iblo from Walcott funiL, Dr* A. E. Loeblioh, 
Jr^ and Dr* K F* Sold of the U, S. Geological Survey collected 32 
microoamples from tbe early Tertiary of New Jersey. Dr. G. A, 
Cooper and E* J* Main brought back 12 fornmiiiiferal samples and 
2,000 specimens of Cretaceous moUusks from Texas; Purchases made 
with Walcott funds added to the collections 886 Tertiary Foruminif- 
lera and Oatracoda from CzechoslovakiB through Dr. T* Pokomy, 
and 2,000 type Foramiuifera from the Upper Cretaceous of Spain 
from Dfp J. R, Bataller* 

More than 200 specimens of fossil fidies and reptilea from the Upper 
Cretaceous chalk of Kansas were collected for the division of verte¬ 
brate paleontology by Dr. D. H. Dunkle and G. D. Quadagni* Other 
notable accessions includo n skeleton of the largest of the Pormion 
pelycQsaurs, Goii/lorhynchw^ received from the Univerdly of Okla¬ 
homa; 26 specimens of Afcfiozoic and Tertiary fishes of Europe and the 
h ear East from the Camegie Museum; and specimens of the Devonian 
artlirodire and the shark Ciadoselaeh^y from the Cleveland 

Museum of Katura] History. PardeuWiy valuable to the study cob 
lections were x The oubholosteati fish Piycholspus and tho holostean 
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Semit^wtus, from the Upper Tria^sic iii nearbj Virginia, presented fay 
Sheltcii Applegate of Uie University of Virginia ^ the lovrer javrs and 
skeletal portions of liie rare Miocene porpoise Phoca^eneus^ found 
Rowland A. Fowler at Fairliaven Clilfs in Maryland j and a skull of 
tJiG porpoise collected also from Fairhaven Cliffs by Dr, 

iJemiugton Kelloggs F, L. Pearcej and G. D, Guadagni* The first rop- 
resjentat ion of an interestingfiah, a &!Ute of Lept&hpis ne vad^nsh^ col¬ 
lected by Dr. Thomas B. Xolan from the Ijower Cretac^us of Nevada, 
was transferred from theU. S. Geological Survey, The exceedingly 
rare ^fiddle Eocene bowfin from ilie famous fo^il 

fiali quarries in the Green River formation nem: FosaU, Wyo., was pur¬ 
chased by Walcott funds. 

Engineering and —A large collection of hydraulic 

machines from the pioneer turbine inventors Uriah Boyden, James B. 
Fi*aiiciSj and A, AL Sevam are welcome udditiotke in the section of 
heavy machiiieryp These were presented by the Proprietors of Looks 
and Canids on Merrimac itiver, Lowell, Muss. Other important 
power niadiiiias received are an Otto and I^iiigcn gas engine, gift of 
tho film of Kloclmer-Hnmboldt^Dcutz, Germany; the first I>e I^val 
8 ti: 4 un turbine exhibited in tbe United States, lent by the De I^val 
Steam Turbine Co.; tlie lirst steam engine built by M, W. Baldwin 
and a Corliss steam engincj gifts of llie Franklin Institute; 
and a model of the world's first hydroelectric central station at Apple- 
ton, Wia-i lent by the Wisconsin-Michigau Power Co. Further notable 
additions are i The steam velocipetle built by Sylvester H, Roper about 
1&69 and the steam tricycle built by George A. Long about 1880, lent by 
Jolm H. Bacon; the astronomic transit constructed by Repsold about 
1960, from the U, S. Naval Obsen^atory. From the Smithsonian 
Astrophysical Obsei'vatory examples were received of some of the 
important instruments develojied by that bureau, stich as Abbot^s 
pyrheliometer and the vacuum bolometer. 

Among the outstanding eramplea of the graphic arts are a litho¬ 
graph, ^"^Thri^ Figures,^ by Georges Rouault, and a stencil print, "*Com- 
[>otior,’^ by Pablo Picasso, presented by Mrs, Robert S. Schwab. 
Thirteen original pictorial photographs by Edward Weston were 
purchased through the Eicbemeyer Fund. 

Received in the division of medicine ixiid public health are examplea 
of recent advances in the field of medicine consisting of vials of 
poliomyelitis vaccine produced for tJie 1954 field trials by Wyeli 
Laboratories, Eli Lilly & Co,, and PUman-Moore Co^ and hearing- 
aid apparatus made by the Sonotone Corp., Otarion, Inc., and Telex, 
Inc. 

In the fields of woods and textiles, notable specimens receiTed are a 
double length of an early nineteenth century damask tablecloth, made 

412BTa—iiT-3 
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on A draw loonij gift of Mi'S, Katlierina Esbey Cross, deceased, tJiMiigh 
her daughter, Mrs* John A, Bartlett, and a group of woods from Flor¬ 
ida, Texas, and Mexico, received from Otvillo A. Oaks. 

—Since the Museum has in its eshtbUion and study groups 
the only collection of White House china of any size, a concentrated 
effort has been made to expand this collection Specimens of the state 
Ecrvice designed for use in the newly decorated White IIousc dining¬ 
room at the end of the Truman administration and continued in use 
as the state china during the Eisenhower administraticin were received 
os gifts from Lenox, luc. Eeccived aa a gift from the Polk Memorial 
Association, Nttshville, Tenn*, is a de^rt plate from the state china 
used in the Whi to House during the Polk administration* The largest 
single donor of White Bouse china was CoL Theodore Batnca, who 
presented a plate and a dessert cup from the offidal White House china 
of the Lincoln adminiEtration and two dessert plato from the state 
ijcrvice of the Hayes administration 

Mrs, Dwight Dp Eisenhower presented misoellaneous costume mate¬ 
rials, including the pin she wore as an ornament on her wedding dress 
which is exhibited in the Jluaeum. A magnificent garnet-red velvet 
dress worn by Eose Elizabeth Cleveland, sister of President Grover 
Cleveland and First Lady of the White Heusa from his inaugumtioii 
in 18S5 until his marriage in ISafi, was presented by Mias Constance IL 
"Wood, niece of Miss Cleveland, 

Tlie division of military history received aa a bequest of Albert 
G* McCheaney a fine officer’s sword of the period of the War of 1B12 
with a finely engraved scabbard and blued and gilded sl^l blade. 

The most important additjons to the philatelic eollectious are 
original sketches for etamp d e signs by the late President Franklin D. 
Kooeevelt and autographed or initialed] by hum Thrae itenas were 
among 30,617 specimens knt by former Postm aster General James A* 
Farley. The Fish and WildJife Service, Department of the Interior, 
transferred A complete set of 22 die proofe of the Migratory Bird 
Hunting (Duck) stamps believed to be the only complete set of die 
proofs oDtsido the Bureau of Engraving and Printing- A worldwide 
collection of 71,726 ^^arieties was received from ilts. Theodore S. 
Palmer, in aocordunoe with the will of her late husband, Dr. 
Tbeodore S. Palmer- 

Outstanding accessions received in the division of numi^atics are : 
2 ten-thaler pieces of Brunawick-Limeburg struck in 1660; 3 gold 
coinfi of Albania and Egypt^ presented by Paul A* Straub j and a 
sBiied of 233 coins lent by the American Numismatic Association as an 
addition to their collection of twentieth-century foreign coins. 
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EXPLORATION AND FIELDWORK 

To acquaint tlie eshibits etaff engaged in preparing tie displays 
which will be shown in the Cultural History Hall (No. £6) with the 
relationship of styles of furnituie to types of architecture and the use 
of materinls in the craftsmanship of the Colonial period, C. Malcolm 
Watkins, associate curator of ethnology, John H. Anglim, c^ef 
exliibits specialist, and Eolland 0. Hower, exhibits specialist, in bep- 
tembar 105S visited a number of museums and historic houses in 
Maasachusetta. Mr.Watkinsdevotcdthelast tliree days in December 
1955 tmd the first four days in January 1950 to a search for docn- 
mentary data on the history of the seventeenth-century “Bookhouse” 
installed in the Cultural History Hall {No. 2^). He also selected and 
packed tlie Wires collection of tiles at Wellesley Hills for transporta¬ 
tion to the U. S. National Muaemn. Before returning to Wa^ington, 
ilr. Watldns examined the furniture, including Penn^lv^ia I>utch 
material, and paintings which Mrs. Arthur M. Greenwood is prepared 
to present for installation in the Cultural History Hall. 

Dr, CTifford Evans, associate curator of ardieology, studied the 
archeological collections of the UnivEraity of Florida at ^Inesville 
and collaborated with Dr. John iL (joggin on the analysis of speci¬ 
mens from Trinidad which have an important bearing on Dr. Evans’s 
R ritish Gui ana escav&tions. 

During November 1965 Dr. T. Dale Stewart, curator of physical 
anthropology, studied portions of the Todd Skeletal Collection at 
Western Eeserro tJniversity, Cleveland. 

Dr. ftrarshall T. Newman, associate curator of physical anthro¬ 
pology, conferred at Boston during Noveraher 1965 with members of 
the staffs of tlio Blood Grouping Laboratory of the Child^n’s Hm- 
pilah the Climatic Research Laboratory, and the Nutritional Bio¬ 
chemical Laboratories of the Mflisachusetts Institute of Technoloey 
relative to suitable procedures to be followed in conducting physical 
and other studies on the Indians at Hacienda Vicos and elsewhere in 
the Callejon de Huaylas, Peru. On March 19, 1956, Dr, hiewman 
departed for Lima, Pern, to inaugurate a research project financed by 
a grant from the National Science Foundation. 

Following several preliminary survey visits in March 1056, Frank 
M, Setzler, head curator of anthropology, began excavations on April 
2 at the site of Marlborough, Ya., which waa established as a port and 
county seat for Stafford County by acts of the Virginia As¬ 
sembly dated 1691 and 1705 and which was abandoned sometime in the 
eighteenth century. Marlborough was located at Marlboro Point on 
the southern tip of Potomac Neck, a peninsula formed by Accokcek 
Creek on the west, Potomac Greek on the south, Potomac Eiver on the 
east, and Aquia Creek on the north j the site is about 13 miles east of 
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Fredericksburg. The investigation is being carried on in collabora¬ 
tion "witli Prof. Oscar H. Durtcr^ department of historj, Mary Wash¬ 
ington College, and C. Malcolm WatkiiiSj associate curator of 
ethnology, U. S. National Museum, under a grant fi^om the American 
Philosophical Society. The excavations have revealed the foundation 
of a house of large size which seems definitely to have been the one 
occupied by John Mercer during the first half of the eighteenth cen¬ 
tury. Tills determiimtion is based mainly on documentary records 
together with cultural objects found, such as wine bottles bearing 
seals with Mercer's initials and the date 1737. A number of smaller 
house sites, probably dciieudencies of the main house, have been 
found, and in moving the earth a large amount of cultural materiiil 
of the period was discovered. The escavations also revealed a aeries 
of walls, extending for hundreds of feet, which appear to represent 
lot lines and may indicate the layout of tlie original town shown on 
two existing sui'veys dated 1601 and 1731, 

At the University of Miehiguii during the first week of February 
1950, Dr. Egbert IT, Walker, Eusociate cumtor of plinnerogaois, con¬ 
ferred with Dr. W. II. Wagner relative to certain species of ferns 
found on Okinawa and tlie southern Ryukyu Islands, which will be 
included in his flora of that region. Subsequently be worked with 
Dr. F. G, Meyer and Dr. J. Obwi .at the Missouri Dotaiiical Garden, 
St. Louis, in the editing of a manuscript translation of a Flora of 
Japan. 

Edward C. Kendall, associate curator of crafts and industrios, 
systematically studied tiie historical agricultural implements dis¬ 
played in the Centennial of Farm Mechanization at MioliigHn State 
University, East L.T:i!Emg, in August 1955. Consultations were held 
with representatives of agricultural implement mntiiifactureTS for the 
purpose of procuring historically important implements to illustrate 
chronological stages in the mechanization of farming. 

Dr. Robert P. Multhauf, acting head curator of engineering and 
industries, consulted with Orville R. Hagans, horologist of “Clock 
Manor,’* Denver, regarding the repair of clocks in the national collec¬ 
tions. At San Francisco during August 1956 lie studied the exhibits 
in the ^faritime Museum and conferred with the director, Karl 
Kortum, regarding the contemplated extensive display of land trans¬ 
portation. Continuing his search for an old Pelton tmhiue for the 
Power Hall, Dr. JtuJthauf conferrecl with Richard Goyne, oivner of 
the ^liners Foundry, Nevada City, Calif., w'hcra these turbines were 
reportedly first tnanufaclured. A wooden-wheel typo which may 
repiesentoneof the oldest Pelton turbines still in existence was located. 
During the last week of October 1955 Dr. Multhauf visited several 
sites in New England in an effort to locate old water turbiiics for dis¬ 
play in the recojistmeted Power Hall. Nine old sites where water 
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turbines were formerly oj^-ated were raitcd. The csollection of 
measuriTiginatruments at Old Sturbridge ViBage was staM, Brief 
Tisits were made also to the Patent Museum at Plymouth N. IL, the 
Shelburne Museum at Shelburne, Vt, in which are displayed larp 
carriago and tool coUet^ona, and the small museum maintained by the 
Proprietors of the Locks and Canals of ileErrimuck River, Lowell, 


M&si _ 1 ■ j 

Data and ideas that contributed materially to the planning of the 

new health hall were obtained by George Griffeiibogen, curator of 
medicine and public health, during a European trip Augo^ 11 to 
September 23, 1955- Phamaceuticiil and other medical collmtions 
were reviewed in Txmdon, particularly the medical museums in tlie 
'Wellcome Building, the British Museum, and the Victoria and ^bert 
Museum. The recently installed apothecary shop restoration at 
Leeds and the pharmaceutical antiquities in the Ca^le Museum and 
the Yorkshire Museum were examined. At Paris, Dr. Maurice 
Bouvet, president of the World Union of Societies of Pharmaceutical 
Histor)', devoted a day to tlie showing of materials in his perwnal 
collection and in the Faculty of Pharmacy. At Basel Mr. Grifien- 
liagen was shown the Castiglioue collection of pharmaceutical maiolica 
belonging to liotfnmnn La Roche, and subsequently he viewed the 
phunuficentical antiquities in the Schweizer Pliarmazie Historiache 
^Iiiseurn and die ilistorlsches Museum. At Waldcnbuch, Germany, 
the Dorr Phariuftcentic-al Museum collection was the primary point of 
biterest. After visiting the Deutsches Museum at Munich, Mr. Griffen- 
hagen proceeded to Garmisch-PartenkiTchen to examine an original 
Koentgeu X-ray tube as well as the private coQection of pharmaceutical 
antiques of Franz Winkler, Pariicular attention was paid to the 
pliarmaccutical antiques and apothecary shop restorations in the 
Gormonischca National Museum at Nuremberg and the Deutsches 
Apothtkfl lluseiun iit Bainberg, Oflieials ftf the G^rmnn Ilealtlv 
hfusourn, Cologne, were con^lted in regartl to arrangements for the 
procurement of a tratisparent woman for the Hall of Health, 
Kijksmuseum and the Medical-Pharmaceutical Jluseum in Amsterdam 
and (lie Rijksmusciiin voor <le Gcschiedeiiis der Natuurwetenschappen 
in T^ideii were visited. Following his return to Imndon, Mr. GriBen- 
hagen reviewed tlve special exhibits displayed at the meeting of the 
Federation IntemationBlo Pharniaceiitiquo. 

Precise specifications for exhibits required in the planning for the 
Hull of Health were requested from Dr. Bruno Gebbard, director, 
Cleveland Health Museum, by George Griffenhag^ and Benjimiu 
^wless, exhibits specialist, during October 1955. Old Pmte w^ch 
will be reproduced in medical history panels were studied in the 
Book Division of the Armed Forces Medical Library. Mr. Gciffen- 
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hagen continued on to Chicago for consultations with the staff of the 
American Afedical Association and with Dr. Max Thoreb, founder of 
the Museum and Hall of Fame of the International College of Sur¬ 
geons. Madison, Wis^ was included in this trip for consultations 
witli Dr. George Urdaug and Alex Berman of the American Institute 
of the History of Pharmacy in regard to seTeral projects related to 
tlte planning of exhibits. 

For the purpose of adTancing tire planning for the Hall of Health, 
Messrs. Griffenhagen and Lawless, during the period February 5-10, 
1056, traveled to Boston to study the health exhibits in the Science 
Afuseiim, the Ether Dome and the Museum of the Massachusetts Gen¬ 
eral Hospital, and ttie Museum of the Massachusetts College of Phar¬ 
macy. At New York visits were made to the New York Historical 
Society for materials to be incorporated in the Food and Drug Admin¬ 
istration exhibit, to tlie Hall of Alan in. the American Museum of 
Natural History, to the Hispanic Society of America Museum for data 
relating to Spiitiisli majolica, to the Wood Ijibrary-iluseum of Anes¬ 
thesiology to examine anesthesia equipment and to inspect the medical- 
instrument collection of Dr. Bruno Kiseb. Data rriating to Italian 
majolica were sought at the Itetropolitan Aluseum. The secretary of 
the American College of Cardiology, Dr. Philip Eeichert, gave per¬ 
mission for the loan of examples of stethoscope and manometer for 
display in the Gallery of Medical History. Data relating to health 
exhibits were obtained from the T^oinkenau Hospital Health Museum, 
Philadelphia. The giant heart exhibit at the Franklin Institute was 
studied, and visits were made also to the Pennsylvania Hospital and 
the Philndeipbia GoUega of Physicians to inspect the historical 
collections. 

At New York, during October 1955, Frank A. Taylor, Assistant 
Director, and Dr. Mnlihauf studied tho Atomic Energy Conunission 
exhibit which had been shown at Geneva. In addition to a series of 
plexiglass models of atomic-energy powerplants and devices for the 
handling and chemical analysis of radioactive materials, e.xhlbita re¬ 
lating to the uses of atomic energy in medicine, agriculture, and other 
fundamental activities occupied about half of the floor space. 

Dr. Multhauf and Mr. Kendall during November 1955 proceeded to 
the Penn^lvania State Univetsiiy and to the Priestley Alusemn at 
Northumberland, Pa,, to locate and examine laborato^ equipment used 
by Joseph Pri^ley and to arrange for the return to the National 
Museum of Priestley materials that had been lent to that museum. 

Planning of the projected exhibits for the Museum of History and 
Technology was advanced by the comparative studies made by Dr. 
Alulthanf, during the three weeks' tour of European mnseuins, March 
18 to May 6, 1960. Pie was advised tliat the Museo Nationale della 
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Scienza e della Tecnicft, Milan, Dcnteches MRi»mn, Mrniic^ Te^sche 
Musemn, Vienna, and Science Mnseinn, London, ore ™dert^g 
largcment of eziating facilities and tliat similar plana had be^ made 
for the Conservatoiie l^ational dca Aria et Metiers, Pans. This a^ 
tivity conveys soma indication of the present hvdy interest m the 
history of technology in Europe. The mu^mna in M^ch and 
are housed in buildings Iteavily damaged by war, but sm™ repaired 
The Kthibits techniques at Munich were very effective and 
n marked improvement over the prewar museum. Many^vd t^- 
niques were noted which can be adopted advantageously. The follow^ 
ing mugenms feature physical science and the history of scien^: Palais 
de la D&ouverta, Paris; Museo di Stona deUa Scienza, Florence, 
Liebig Museum, Giessen; Scientific Collections, Landesmuseum, 
Kassel; Museum of History of Science, Leiden; Teyters Museum, 
Haarlem; Whipple Museum, Cambridge; ^ory 
Oxford; and Beraelius Museum, Stockholm. The Palais de la 
Dcoouverte ia a unique example of a museum that aims to in stni ct 
in the principles of science from the simplest to its mo^ ab^ae 
aspects through pushbutton and demonstration esliibits. The above* 
liAed museums possess unusual materials representing tlie lienee of 
the seventeenth and eighteenth centuries. Of tlie three luanne muse¬ 
ums visited, the Scheepvaarte Museum, Amsterdam, ^hibits may 
unique navigational instruments, books, and mapa. The SIusot de 
Marine, Par is, has been renovated recently, but seems to have saenn^ 
marUime history to the exigencies of exhibits toi^iqae. In tto 
Greenwich Kaval hfuseum, England, the history of the British a _ 
is effectively and logically shown in spacious rooms, _ 

Print storage methods and exhibition furniture were inspected by 
Jacob Kainen, curator of graphic arts, in California ^itotious 
during March 1956. On the same trip his research on the life and work 
of John Baptist Jackson was advanced by essimination of chia^^ 
color prints in the Achcnbach Foundation for Graphic A^ in Sy 
Francisco. The collection of eightcenth-centuiy color pmts m the 
M. 11. de Young Memorial Museum and late nineteenth- and twentieth- 
century color prints in the San Francisco Museum of w well as 
reference works in the library of Uie Art Boom of the San Frmcisco 
Public Library, were consulted- Jackson prmts and other pertinent 
material were inspected in the I^s Angeles County 
os the collections of fine and decorative arte Early boo^ prmt^ m 
color ivere examined in the Huntington Library and Art Gallery m 

^ S. Switzer, associate curator of mineralogy imd pe^l- 

ogv inspecS tlie John B. Jago mineral coUocUon m San Franciyi, 
C^if ^ing July 19S6 and conferred with the owner regarding his 


30 REPORT SMITHSONIAN IKSnTDTION, IQS6 

plans for i ts future disposi tiotL In Kovember 1955 he made a selection 
of mitieruTs at Eastliartipton, Mass., for the Eoebling^ collection and 
also conferred with the stnlf of the department of mineralogy of 
Harrard University. 

In the interest of enhancing tlto usefulness of the national collection 
of meteorites, E. P. Henderson, associate curator of mineralogy and 
petrology, and F. E. Holden, physical science aide, were engaged from 
September 5 to October 8, 1P55, in inspecting the collection of the 
Institute of Meteorites at the University of Keiv Mexico, the mnsenm 
at Meteor CVater, Aria., the Meteorite Museum at Sedona, Ariz., the 
Museum at Fort Hayes, Kan.s., and Texas Christian University at 
Fort Wortli, Tex. Private collections owned by A. R. Allen, Trinidad, 
Colo., II. O. Stock well, Hutchinson, ICans., and Oscar Mon nig, Port 
Wortlt, Tex., were also studied. Data and photographs of meteorites 
for research and reference pnrjKisea not otlierwise available were ob* 

I ained by these visits. Five meteoritea wei'e presented for the national 
collectiona by H. O. Stockwtjll, two uiireprBscnted iron meteoritea by 
Oscar Monnig, and one large iron meteorite by H. II. Xininger. 

Prospecting in the Ijehl for suitable fish and amphibian fossils for 
inclusion in the planned Hall of Lower Yertehrates was conducted by 
Dr. David H. Dunklc, associate curator of vertebrate paleontology, 
and G. D. Guadagni, preparafor, during tbe summer of 1955. While 
en route to Kansas, arrangenients were itmde at the Carnegie Museum, 
Pittsburgh, for the transfer on an exchange basis of specimens of 
European Mesozoic holoatean fishes and of kte Cretaceous and Eocene 
telenets. In aorthwesteni Ohio n worthwliile collection of disasso¬ 
ciated fish bones 'waa obtained at tho level of contact between the 
middle Devonian Praiit limestone and the base of the black upper 
Devonian Ohio shales formation. Through the cooperation of George 
F. Sternberg, curator of the Museum at Fort Hays State College, 
arnuigements had bean made for a camping site on the R. W. Haver- 
field ranch in soutliwestern Gove County. From the upper CretaccouB 
Xiobrara chalk formation in badJarals locally known as Hell’s Bar 
and later iti other exposures on one of the Ben Christie mtichpa such 
typical fishes as CimcUchthys, Porthem^ SyUaemvs, Eaehod^, Pro- 
tesphyniiinfi, Gillicas, and Eamamux were excavated. One of the 
most mmsual roooverjes were entire schools of tlie small acanthop- 
terygian fish .fflanjanitts, found preserved on the insides of giant shells 
of the ckm Imceranu^^ 

In continantion of the search for exhibition specimens, Dr. Dunkle, 
accompanied by Franklin L. Pearce, in charge of the divisional pre¬ 
paratory stalf, proceeded on October 27, 1955, to Norman, Okla., 
where advice was received from Dr. Carl Branson, of tlie Oklahoma 
Geological Survey and School of Geology, and Dr. Stephen Borhegyi, 
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director of the OkJalioma UjiSvet^ity Musoum, regarding the lo^tion 
of eip 03 ui^ of the Penman Hennessey formation that had previously 
yielded skeletons of the large pclycosaur CatyloThynchuA, Although 
tiTe specimens of this unique reptile were located, incomplete 

yonng imlLvidual merited tlie work involved in escavation. As a 
result arrangements were made with the University Museum to obtain 
u skeleton oil an eschange basis. Dr, Dunklo's iKirty then traveled to 
Richard's Spur, Okla., where 11 bags of Permian bone^bearing matrhc 
were removed from solution fiasurfis iu Ordovician limestone. Arriv¬ 
ing in Austin, Tes., on November 10,1955, they were given an oppor¬ 
tunity by Dr. John A. Wilson to eiamine the vertebrate fossil 
collections at the Umversity of Texas. Preliminn^ conversations 
Tvere lield regarding some basis for exchange of materials. On Novem¬ 
ber 15 and 16, 1955, a brief reconnaissance of the upper Cretaceous 
beds of tlie Big Bend area, Texas, was made under the ^dance of 
David Jones, assistant supermtendent of the Big Bend National Park, 
with a view to evaluating tlie possibilities for procurement of dino¬ 
saurs which will ultimately be needed for display. An exchange of 
upper Devonian marine fossils between this Institution and the Cleve¬ 
land Museum of Natural History was cjompleted April 16-20, 1956, 
by Dr. Dunkle. Skeletal materials representing a very lorga shark, 
CladoseJache, and the arthrodiro Dinichthyv were selected and deliv- 
tired to the Museum. 

Inasmuch as the Museum lucked a suitable represent fltion of upper 
Devonian fishes, Dr. Dunkle conducted fieldwork in the fresli-water 
sediments exposed along the shores of Escuminac Bay at Magunsha, 
Province of Quebec, Canada. These sediments yield well-preserved 
Hpociinena of lungfishes, fringcd-fintied fishes, aniiarch, and, It^ com¬ 
monly, aeantliodianfl, arthrodirea, and palaeoniscoids, all of which are 
important in any synoptic display in the exhibition hall. Prior to 
commencing fieldwork, cooperative help had been obtained from the 
National Museum of Canada, Ottawa, and the Royal Ontario Museum, 
Toronto. While en route to Canada, Dr. Dunkle visited the Dartmouth 
CoUega Museum to make preliminaiy arnnigements for an exchange 
of npper Silurian ostracodenns. In Canada, consultations were held 
witli Dr. T. W. Jones, director, Quebec Geological Survey, and with 
Abbe Idiverdirere, chairman, Department of Geology, Laval Univer¬ 
sity, Quebec CitT. On the return trip early Mississippian palaeonis- 
coid fishes were sought at Albert Mines, as well as at the well-known 
Devonian occurrences at Canifaellton, both localities in Now Bruns¬ 
wick. Tliis trip extended from May 21 to June 30,1956. 

Tlio Walcott bequest financed the trip to a lo^lity near Burnet, 
Tex where Dr, David Nicol, associate curator of invertebrate paleon¬ 
tology, and Robert J, Main, Jr., aide in that division, obtained fossil 
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moTlnsIs from exposures of the Gknrose formation. At Lipan, Tex., 
samples of the Femi^lvaman Dickerson shale were collected. This 
trip extended from July 2fi to August IS, 

Income from the same bequest provided funds for the paleontolog¬ 
ical fieldwork of Dr. G. A. Cooper, curator of invertebrate paleontol¬ 
ogy and paleobotany. At Fort Worth, Tex., he took charge of the 
Smithsoulan truck and accompanied by Mr. Main proceeded to Ard¬ 
more, Okla.f where they spent three days oollectiiig Pennsylvanian 
invertebrate fossils. From Ardmore they traveled to Muskogee and 
Pryor for material from beds of Mississipplan age. At Neosho, Mo., 
they collected Mississipplan productid brachiopods, Penn^lvanian 
fossils at Bartlesville, Okla., and subsequently Permian fossils in 
Cowley County, Kans. Other mutcriala were collected in Kansas 
and Nebraska, and a large collection of Missisaippian fossils was 
made near Harrison, Ark, This field party returned to Washington 
September 17,19155, A profitable discussion of problems involved in 
bis Permian studies on the Glass Mountain fauna was held with Dr. 
Carl Dunbar, Peabody Museum, Yale University, by Dr. Cooper in 
February 1956. An arrangement was made to secure by exchange 
some examples of Greenland Permian invertebrates. 

Dr. A. R. Loeblich, Jr,, associate curator of invertebrate paleontol¬ 
ogy, devotee! four days, April 10-13,1956, to the collection of Pakocene 
and Cretaceous Forominifera in New Jersey in strata that are of 
disputed age. The material obtained was not previously represented 
in the national colloctiousw 

lirs. Margaret Brown Klapthor, associate curator of civil history, 
was invited to lecture at the historiedtouaekeeping course sponsored by 
the National Trust and the New York State Historical Amociation at 
Cooperatown, N. Y., the last week in September 1955. During Octo¬ 
ber 1955, while attending the meeting of the National Trust at Nash¬ 
ville, Tenn., Mrs. Klapthor acquired for the national collections a 
dessert plate of the Polk White House china, Mrs. Polk’s hveo fan, and 
a pair of spectacles owned by President Polk. 

During late August and early September 1955, Mendel D Peterson, 
acting head curator of history, inspected all existing specimens of 
early artillery now preserved at Albany, N. Y,, the Saratoga battle¬ 
field, Fort Williani Henry, The Citadel on the ramparto, Fort Ticon- 
dcpoga, and the Plains of Abraham battlefield in Quebec, Canada, 
for the purpose of advancing the completion of his report on the 
marking and deconition of these military objects. Transportation 
furnished by Life Magazine enabled Mr. PotetBon to proceed to Ber¬ 
muda to investigate a collection of objects of probable early seven- 
teenth-oentury origin recovered from a sunken ship presumably of 
French registry which had been wrecked there. The ordinary imple- 
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meDts 0^ shipboard use iv'ere French, while the gold bar, cakes of gold, 
gold battons, and silver coins wei-e Spanish, 

From June 21 to JToveinber 34, 1965, Frederick BI. Bayer, associate 
curator of marine inTcrtebrates, participated in a biological survey 
of tbe coral reef and other marine habitats foond in the Palau Islands 
Archipelago, sponsored jointly by the Office of Naval Research, the 
Pacific Science Board of the National Academy of Sciences, the George 
Vanderbilt Foundation of Stanford University, and the Trust Ter¬ 
ritory of tliB Pacific Islands, and directed by Dr. K. R. Harty of 
Stanford Univeraity. An ecological njsurvey was made of Iwayama 
Bay, Koror Island, to supplement the survey made ^ years previoudy 
by members of the Japanese Palao Tropical Biological Station, Cir¬ 
cumscribed problems of more specific interest, snch as epizootic asso¬ 
ciates of gorgonian corals, piitasitie moHuska, crustaceans associated 
with coelenteratea, sea anemones and their biological associates, and 
the relationship of hole-dwelling gobies with burrowing shrimps, 
were selected for thorough investigation. Tlie team cooperated in 
obtaining information on the injurious, poisonous, and noxious ani¬ 
mals of tho reef complex. In September Dr. Harry and Mr. Bayer 
visited Japan to consult with former memhere in regard to the re¬ 
search of the Palau statioD and to trace the location of biological 
coEections obtained there before War II. They returned to Koror on 
October 7 and terminated fieldwork there on November 15, 

Dr. Ilarald A. Behdcr, curator of mollusks, was given a detail 
September 19^99,1965, to pack up and arrange for transportation of 
a collection of mollusks at tlie New York State Museum that had been 
transferred to the Museum on an exchange basis. 

Dr. David H. Johnson, acting curator of mammals, and John U 
Paradise, aide, were engaged from September 12 to 15, 1965, in mov¬ 
ing and loading whale skeletons at the Academy of Natural Sciences 
of Philadelphia for transfer to the Museum. 

Under an Office of Xaval Research contract, I>r. Henry W. Setrer, 
associate curator of mammals, left Washington on September 16,1965, 
for Tripoli, Libya, to conduct the field study requested by Naval 
Medical Bcaearch Unit No. 3. Fieldwork was carried on from 18 
different camps ranging from Tripoli to Derma and to Sebba Oask 
in the interior. Ectoparasites and mammals were collected. 

As part of a long-term project on the zoogeography of the southern 
Appalachian Highlands, Dr. Charles 0. Handley, Jr., associate cura¬ 
tor of mamraalB, devoted the perioil from September 12 to 26, 1965, 
to collecting mammals near Mountain Lake, GEes County, Va. Taxo¬ 
nomic probloms involving sonthem African and neotropicul mam¬ 
mals necessitated an examination of pertinent comparative specimens 
by Dr. Handley at the Chicago Natural History Museum, January 
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16-20,1056. Daring April 1 Oh 0 Dr. Handley, 'with Mr. Paradiao as 
assistant, made a collection of Email mammala Ln the genaraUy 
neglected salt-mandi areas of the Middle Atlantic States. Particular 
effort WU9 made to secure material at Back Bay in soutlie astern Vir- 
giniii., Assateague Island off Delmarra Pleninsnla, and OceanTille in 
Eoutbem New Jersey. 

A grant from tUe American Philogopbical Society enabled Dr. J. F. 
Gates CInrke, curator of insects, to obtain larrae and rear moths of 
(he family Occoplioridae and to detonnine the host specificity of these 
moths and their relationahip to plants of tile family Um^lliferae, 
Specimens were collected and host observations were made at 71 sta¬ 
tions mainly in Wyoming, Utah, Idaho, Oregon, and Washington, as 
well as at scattered localities in Montana, North Dakota, Wisconsin, 
Minnesota, and Michigan. 

Dr. Ernest A. Lachner, associate curator of fishes, weib awarded a 
fellnw’ship by the Jolm Simon Guggenheim Foundation for the pur¬ 
pose of advancing his research studies on tropical marine and North 
American fresh-water lislies. Eicamination of type specimens and 
other pertinent materia] willlje made at various Eurciijcan museums. 
Dr. l.achner left Washington for I^ondon on March 8, 1056. 

I^Ir. and Mrs. Bruce Brcdin, of Greenville, Del., prasentod funds 
to tlia Smitlisonian Institution to finanoe a collecting espedition. 
These funds were used to finance a Caribbean field study. The Smith¬ 
sonian party comprised Dr. Waldo L Schmitt, leader, Dr, A. C. Smith, 
Dr. .F, F. Gates Clarke, and Dr. I entier A. Ohace, Jr. Tlio espedition 
left Trinidad on March 1-^1,1956, for visits to Grenada, several of the 
Grenadines, and ilartini^ue. Other stops included anchorages at 
Dominica, Guadeloupe, Barbuda, Redonda, Nevis, St. Christopher, 
Virgin Gorda, and Tortola, and terminated at St. Croi*. A unnibcr 
of interesting observations of shore fauna, including shrimp com¬ 
mensal with anemones, and windrows of red-crab megalops on the 
beach were made. Several thousand crustaceans were collected by 
Drs. tSchmitt and Chace, as well ns crinoids, starfisli, sea-urchins, sea- 
hares, and cephalopoda. On arrival at Trinidad Dr. Smith, cm'ator 
of phanerogams, proceeded directly to the field station of the New 
York Zoological Society at Simla, Arima Valley, where he spent five 
days collecting plants on the crest and slopes of the northern range 
and prepariTig the material. Botanical collections were made on 11 
islands, and more than 4,000 specimens were prepared for lierbarium 
Judy. Div Clarke, curator of insecte, traveled from Washington to 
Dominica by airplane and collected insects there in the interval fae- 
Jreen March ^ «n^8 and then joined the party on the schooner at 
So^ 20,000 insects were obtained. V. E. B. Nicholson, cap¬ 
tain of the f reehnes, the schooner used by the expedition, was es- 
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tremeJy lielpful to members of this party and materiaUy assisted in 
the collection of marine animals. Dra. Clarke and Smith departed 
for Washington from St. Crois, Virgin Islands, by air on April W 
and 20, respectiyely. Drs. Schniitt and Chaco sailed from St. Crois 
on tlie Alcoa R^jrnner on April 23. 

Between September 2 and 26, 1955, W. l<. Brown, chief zoological 
exhibits preparator, visited Glacier and Yellowstone National Parks 
to procure photographs and other background data for authentic 
habitat settings for the grizzly-bear and elk groups. Alpiiio fir, limber 
pine, various grasses, flowers, soils, and rocks were secured for the 
bear group. At Gardinor, Mont., sago busltes and grasses were eo- 
lected and shipped for inclusion in the oik unit. 

On December 2, Dr, Alexander Wetmore, research associate atid 
former Secretary of the Smithsonian Institution, reached Panama 
for a further season of Add work concerned with the distribution of 
tlic birdlifo of tlie Isthmus, Work during the first month was devoted 
to studies on the Eto Chagres, from a base at the Juan Mina field sta¬ 
tion of the Gorgas Memorial Laboratory for Tropical Medicine, imd 
other invastigations in and near the CuubI Zone, including a few days 
on Taboga and nearby islands. At the beginning of January, through 
tho interest of Dr. Alejandro Mendez P,, director of the Museo Ka- 
cional of Panama, and of His Excellency Alcjundro Bemdn C., Min¬ 
ister of Government and Justice, Col. Bolivar Vallurino, Comandante 
Jefe of the Guardia Nacional, kindly gave tho necessary perraissioti 
and instmetions for a month's stay on Coiba Island. Tliis, the largest 
island on tlie Pacific coast of Central America, has been the location 
of the penal colony of the Eepnblic of Fanomfi since 1919. With the 
friendly cooperation of Col. J. W. Obertlorf, commanding officer, 
Albrook Air Bose, transportation bo Coiba and return on completion 
of the work were arranged in an Air lorce crashbont. On arriva] 
at the Colonia Penal on January 6, Dr. Wetmore and his two assist¬ 
ants were usaigned quarter's by Capt. J. A. Souza, in command, and 
were given all needed assistance in their work, which continued until 
February 6. Tlie island is covered with high gallery forest, with 
mangrove swamps at the mouths of tho numerous rivers. Clearings 
for pasture and cultivation have been cut back of the convict work 
camps, which are located along the Balim do Damns and on the eastern 
side north to Punta Aguja. The interior of the island, which rises to 
an elevation of 1,400 feet, remains in its primitive condition, without 
trails except in limited areas. Birds are common and of good variety, 
though many of the familiar forest species of the mainland do not 
occur in spite of coHdiUons favorable to them. The heavy rainfall is 
reflected in darker coloration in various of tho smaller kinds, several 
of which are new to science, some being remarkably distinct from 
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their mainland Tepresentatives. FoEoiring return to the main]and, 
work continued until the end of February, with San Felix in eastern 
Chiriqui as a base. Collections made hero over a considerable area 
between the seacoost and the inland mountains offer many valuable 
data in plotting distribution. Most of the original forest has been 
cut to provide pasturoland, so the information secured is of special 
importance since soon aE forest areas will bo gone. After some furth¬ 
er observations at Barro Colorado Island and on the savannas near 
Tacora, work for the season terminated on March 10. 

exhibition 

Modernization of selected exhibition halls was continued in 1050 
by a Congressional allotment of $411,500. Construction by outside 
contractors began in the Power Hall in July 1055. Contracts were 
awarded for the second American Indian ITbH in April 1056 and the 
Health Hall in May 1D56; construction was commenced in these halls 
in May and Juno 1056, reaijcctivcly. During March 1956, tile new 
Bird Hall and the east aide of the North American Mammal HaU 
were completed and opened for pnbhe inspection. 

The new Bird HaU, after months of planning by Curator Herbert 
Friedmann, was officiaEy opened to the public on March 32, 1956, at 
art eveiiing recaption sponsored jointly by the Smithson i an Institution 
and tlie Audubon Sewiety of the District of Columbia. John E. Graf, 
Assistant Seoreta^ of the Smithsonian Institution, reviewed the pro¬ 
gram for modernization of exhibits, and Irston E. Barnes, president 
of die District of Columbia Audubon Society, commented on the inter¬ 
est shown by ornithologists in the methods employed for presentation 
of topical exhibits. Guy Em^n, honorary president of the National 
Association of Audubon Societies, complimented the Institution and 
Dr. Friedmann on the succe^ful completion of this hall and cut the 
ribbon, thereby officially opening the hall. 

In the haU of North American Mammals, habitat groups for the 
poma, wolf, pronghorn antelope, and white-tailed deer were opened to 
the public. Four previously completed groups were again shown to 
visitoTB after being shut off by construction work for more than a year. 

During the current fiscal year, 37 new exhibit units, miniature 
dioramas, and life-mae lay figures are being developed in the second 
Indian hall. These units wiU portray the manner of living of Indian 
tribes that formerly occupied the forested eastern third of the United 
Stote; the nomadic hunting tribes of the Great riains; the salmon- 
fishing and totempole-huilding Indians of the Northwest Pacific coast ■ 
and ^e Arctic Esk i mo of Greenland and A 1 aska. The over- all pi ans 
for this h^ and the ca^ layouts were prepared by Associate Curator 
John C. Ewers in collaboration with Exhibits Specialist John E. 
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Anglim and his staff. Tlie inataUation of the cxhibita portrayii^ 
colonial life in eastern North America is proceeding satisfactorily m 
Hall 26. Six period rooms have been installed. Of these the Eon^n 
Bliss parlor (1754) is the oldest Among others are a late Georgian 
colonial parlor from Sussex, Va., an early nineteentJu^tuiy school¬ 
room, and a farmhouse bedroom of abont 1800, 

Plans were completed in the division of mineralogy and patrolo^ 
for tlie layout of the Ifineral Hall Exhibits to illustrate the origin, 
properties, and mode of occurrence of minerals irill be prepared, in 
addition to displays of the ma]or mineralB of the TTorld. Outstanding 
examples of uncut crystals of the more important g^m minemls, as 
well as series of cut and polished gems, will be utilized to mnlie an 
informative presentation of this phase of mineralogy. 

The hall for display of fossil plants and invortehrates will provide 
the visitor with some ooncepton of what fossils are, bow they are 
preserved, and tlieir role as geological time indicators. Reconstruct^ 
assemblages of fossil animals and plants from some of the geologic 
periods will be utilized to portray the ecological nsBOciatioiis that made 
possible their mode of life. 

Selection and preparation of specimens of lower vertebrates tor 
display in Hall S are being actively continued in the laboratory of 
vertebrate paleontology. Associate Curator Dr. David H. Dunkle 
was successful in hi a search for uppeir Cretaceous marine fishes in the 
Niobrara chalJc of western Kansas, and for upper Devonian fishes in 
the fresh-water sediments of the Province of Quebec, Canada. Otlier 
lower vertebrates were acquired on an exchange basis to complete the 
developmental series in the siystematic exhibits. 

A display case containing manmade diamonds sorted in compart- 
mente in accordance with size was presented on May 3, 1056, by Dr, 
C. G. Suits, vice president of General Electric Co., to Dr. l>onard 
Carmichoel, Seerretory of the Smithsonian Institution, for inclusion 
in tho gem exhibit in the Natural Ifistory Building. At the piesanta- 
tion ceremony Dr. Suita introduced the technical team responsible for 
the development of the process that made manufacture feasible. 

An exhibit illustrating the history of iron and steel production in 
the United States was opened on January 11,1956, in the Arts and 
Industries Building by Secretary Carmichael and Jolui C. Long, of 
the BcUilehem Steel Co. This exhibit traces in 10 units the develop¬ 
ment of the induBtty from the discovery of iron ore to tho high-alloy 
steels of today. Outstanihng features of the ^libit are a group of 
early artifacts from tho excavations at Jamestown, Va,; a section of 
the massive Hudson River chain swung into place near West Point, 
N, Y., on April 16, 1778, to prevent the British from sailing to the 
upper river; and rare examples of American iron and steel work from 
the ninttsentli century. 
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Modemizafion of the Power ITall wiis dclfiycd scTersil months by a 
shortage of steel, but it is now nearing completion. Models of types 
of power nmchinerr no longer available for acquisition have boon 
constntcted and a number of machines hitherto unrepresented in the 
nation Ell collections have been acquired- 

Four of the older makes of automobile have been refEirhished 
during the past fiscal year. The 1003 Cadillac, the 1903 Oldsinrsbile, 
and the 1913 Ford were reconditioned through the courtesy of the 
Cadillac, Oldsmobilej and Ford companieg. The 1991 Autocar was 
reconditioned by tlie Aiitocar Division of the Wliite Motor Co. Tho 
return of these eats to the exhibition floor markedly improved this 
portion of the section of land transportation* 

The gallery exhibit of the section of scientific instruments now 
consists of 12 tmSts devoted to various fields, begitming with weights 
and measuhis and ending with astrophysics, Each case is designed 
to tell the story of the mechanical development of some instrument. 
Tho section devoted to typewriters, phonographs, and calculating 
machines was greatly improved by repainting and lettering, as was 
tho section of manufactures by the installation of special lighting 
listurcSn Tjoom products of the early nineteenth centmy weaver 
Peter Stauffer, the small hand sewing machine^ and the safety factor 
of after-dark pedestrian gaj-menta were featured in new display units 
tn the section of textiles. 

Of the 3S new exliibit units illustrating photomechanical printing, 
in the chapel of the Smithsonian Building, 26 were completed during 
the past year. Selected examples of photogravure, rotogravure, re¬ 
lief halftone and the hEilftone screen, collotype, photolithography, 
and offset lithogmpliy are mcliided in the display. The special 
monthly exhibits by contemporary print makers and photographers 
were continued m addition to short-term displays of materials drawn 
from the collections. 

Individual exliibit units for the ITnll of Health have for the most 
part beeen designeed, the contents liave been selected, and descriptive 
te-Xt for many of the labels has be^sn wTitten., Construction work on 
this hall has commenced^ A series of 30 oil paintings depicting the 
histoiy of pharmacy lent by Parke, Davis ^ Co. was formally opened 
for public view’ on September 30, 1955, at a ceremony attended by 
Secretary Caimidmel, George A. Bender, Egbert A. Thom, the artist, 
and Dr. Eol^rt R Fischelia, secretary of tlie American Phannaceuti- 
cal Association, 

Eleven new exhibits were installed in the gallery of Medical His- 
toiy during tlie year* An informative dbplay unit labeled “Vita- 
miiL^ for Health, Growth and Life,^ prepared for the exhibit series 
of the division of medicine and public health by Merck & Co., was 
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accepted from Dr. \V. H. TtfcLfiftn by Secretary Carmichael on Feb- 
ruaiy 1,1956, The 10 principal vltamiiis are shown inside revolving 
transparent globes. Outstanding historical facts on vitamin develop¬ 
ment are illustrated. Display panels entitled “Dr. Wiley’s Crusade,” 
“Fifty Years of Progress in Food and Drag Protection,” and “How 
Food and Drug Administration Protects You Today” were formally 
presented for public view on May 4,1956, at a ceremony attended by 
Tlradshaw Mintner, the Assistant Secretary of the Etepartment of 
Health, Education, and Welfare, Dr. George P. Larrick, Commis- 
iiioner of the Food and Drug Administration, Mrs, Uarvey W. Wiley, 
Mrs. Grace Dresler Nichols, eiecutive director of the General Fed¬ 
eration of Womens Clubs which supported Dr. Wiley’s crusade, and 
Secretary Carmichael, These three panels commemorate the fiftieth 
anniversary of the enactment of the Federal Food and Drag Icgla- 
lation. 

Substantial progress was made during the year on the installation 
of the uniform and insignia display on the West Hall gallerj'. Glass 
screens were placed over the fluorescent lights to protect the mate* 
rials from fading, printed labels were prepared for many of the 
specimens, and various items of personal adornment were installed. 

The United States section of the National Postage Stamp Collection 
was completely remounted and placet! in the floor franaes for public 
viewing during tho past fiscal year. Special displays of postal mate¬ 
rials were made available to ^e Fifth International Philatelic Es- 
hibition, held in the new Coliseum in New York, April SS-May 6, 
1956, and at the American Stamp Dealer’^s Association shows in New 
York, Chicago, and Los Angeles. 

VISITORS 

During the fiscal year 1958 there were .'J,.’!26,106 visitors to the 
Museum buildings, an average daily attendance of 10,023. Tliis is 
an increase of 007,336 over the total in the previous fiscal year. In¬ 
cluded in this total are 385,187 school children, who arrived in 10,457 
separate groups. Among the visitors this year were special groups 
such as the 4-H Club and the Safety Patrol. The month of April 
1956 drew the largest crowd with 572,368 Tisltora. ilay 1056 was 
the second largest with 517,447 and June 1956 was third with 431,107, 
Attendance reconls for the buildings show tho following nmnbera of 
visitora: Smithsonian Building, 716,043^ Arts and Industries Build¬ 
ing, 1,796,480; and Natural History Building, 1,007,578. 

DUILDING5 .AND EQUIPMENT 

A contract between the Government and the architectural firm of 
McKim, Mead & White for the design of the Museum of Hietory and 
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Technology building was signed on Marcli 1956. A progmm of 
the requirements for the bnilding based on many ycai;^ of study by the 
SmithBonian staff was presented to the architects, and the work of de¬ 
signing a building that will effectively serve the Mnsemn and the 
public is progresing well. Schedules of work anticipate tliat working 
drawings will be sufficiently advanced to permit bids to be asked for 
the construction of the bnilding in tlie spring of 195T. Legislation 
appropriating $33,712,000 for the construction of the buitdmg passed 
both the House and the Senate in the second s^ion of the 84th Con¬ 
gress- This legislation (Public Law 573) was signed by the President 
on June 13,1956. The total amount appropriated for this building is 
$36,nno,ooo. 

TTie Secretary designated Frank A. Taylor* Assistant Director of 
the United States National Museum, staff liaison with the architects. 
The Planning Office was established to develop plans and requirements 
for the building and its exhibits. John G. Ewers, associate curator in 
the division of ethnology, was promoted to planning officer, and J. H. 
Morris^y, architect of the Public Buildings Service, was aligned to 
the Smithgonian by the General Services Administration to assist in 
the planning. 

CHANCES m ORGANIZATION AND STAJT 

Frank A. Taylor, previously he^id curator of the department of en¬ 
gineering and industries^ woa promoted to Assistant Director of the 
if useum on August 7,1955. 

Charles E. Cutress, Jr., a coelenterate specialist, was appointed asso¬ 
ciate curator in the division of marine itivertebrates, effective January 

3.1956. 

The department of history lost through death on February 20,1956, 
the valuable services of Stuart M. Mosher, associate curator of numis¬ 
matics. 

John C- Ewers, associate curator of tlie division of ethnology^ was 
transferred to the office of Hie assistant director to serve as planning 
officer for the Museum of History and Technology^ effective February 

20.1956. 

G. Carrol! Lindsay was appointed assistant curator, division of 
ethnology, effective February 20,1956, 

During January ^d February 1056, a reorganbation of the exhibits 
staff was effected with the promotion of John E. Anglim to chief ex- 
hibite specialist, R. O. Hower and Benjamin Lawless to exhibits spe¬ 
cialists, and illiam L. Brown to chief zoological exhibits specialist. 

Dr. William F* Fosliag, head curator of the department of geology 
since August 1948, and a member of tlie staff of that department from 
June L9lD| died May £1, 1956, of a heart attack at his home in West- 
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morclond Hills, Md* Daring the 3T years since graduedon from the 
UniTBrsity of Californift with a degree in chemistry^ Dr. Foshag ad- 
vanced knowledge of the minerals of Sfexioo particularly end of the 
world. Borax minerals claimed lus interest for sercral years. ‘While 
assigned for work in Mexico during World War 11, ho witne^ the 
early stog^ in the origin of the Poricutin Volcano and followed its 
growth until activity subsided. 

Four membei's of the hoiioraiy scientific staff were lost through death 
during the fiscal year. Dr. Theodore Ss. Palmer, a member of the 
staff of tlie Bureau of Biological Survey, U. S. Department of Agri¬ 
culture, for 44 years and an associate in aoology of the Rational 
Museum sine© August 1,1933, died at his home in Washington, D. C., 
on July 28, 1955, at the age of 87. Dr. Frank L. Hess, custodian of 
rare metals and rare earths in the division of mineralogy and petrology 
since December 11,1917, died August 29,19B5, in ashington, D. 0., 
at the age of 83. Prior to 1925 Dr. Hess had been employed by the 
U. S. Geological Survey, and from that time until his retirement in 
1944, by the Bureau of Mines. William B. Marshall, assistant curator 
in the division of mollusks until hb radrement in 1934 and associate 
in zoology since May 1, 1934, died in Washington, D. C., on Decem¬ 
ber 18, 1055, at the age of 91. Gerrit S. Miller, Jr,, curator of the 
division of mammals for 42 years and research associate of the Smith¬ 
sonian Institution since January 1,1941, died in Washington on heb- 
ruaiy 24,1956, at the age of 84. 

Bespectfully submitted. 

HEati.'JGToir Kellogg, Director* 

Dr. Leokabd Caiimighael, 

Secretary^ SttdihtOMan Inttitation. 



Report on tJie Bureau of American 
Etlmology 

Sik: I have the honoT to Euhmit the following report on the field 
researches, office work, and other operations of the Bureau of Ameri¬ 
can Ethnology during the fiscal year ended June 30, lfl56, conducted in 
accordance wltfi die Act of Congress of April 10, 1928, ns amended 
August 22,1949, which directs the Bureau “to continue independently 
or in cooperation anthropological researches among the American 
Indians otid the natives of lands under the jurisdiction or protection 
of the United States and the excavation and preservation of archcologic 
remains.*' 

SYSTEMATIC RESELARCEES 

Ur. M. W. Stirling, Director of the Bureau, remained in Washington 
during the major portion of the tlacal year. In addition to regular 
administrative duties, ho continued studies on the archeological collec¬ 
tions made in Panama during Iff52 and 1953, In Alay and June he 
made two brief inspection trips to liussell Cave in Jackson County, 
Alabama, where Carl Miller conducted archeolo^cal excavations 
under tlie auspices of tlie Bureau and liinmced by tlie National Geo¬ 
graphic Society. The services of Mr, Miller wore lent to the Bureau 
by the Eiver Basin Surveys for six weeks, the duration of this work. 
Tlie excavations, which rciiched a depth of 14 feet in the cave door, 
gave evidence of a fairly continuous occupation which extended from 
approximately A. D. 1050 to the early Archaic. Samples from the 
14rfoot level yicldetl a carbon-14 Jato of 8100 B, P. (before the present) 
+ 800 . 

The beriming of the fiscal year found Dr. Frank H. II. Roberts, 
Jr., A^ociate Director of tlie Bureau and Director of the River Basin 
Surveys, on an inspection trip in the Missouri Basin. He visited 
survey and excavation parties working in the Oahe Reservoir basin 
in North Dakota and South Dakota and the Fort Itaodall Reservoir 
area, also in South Dakota, After liia return to Washington he 
devoted practically full time to the management of tlie River Ba&in 
Surveys program and in reviewing and revising a number of manu¬ 
script reports on the results of investigations in various areas. In 
October Dr. Roberts went to CTarksville, Mo., to attend tlio annual fall 
meeting of tins Missouri Areheological Society. He spoke at one of tlie 
sessions on the subject “The Inter-Agency Archeological Salvage 
42 
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Progi'am*’' From Clarksville lie proceeded to the field headquarters 
at Lincoln, Kebr., where be reviewed the results obtained by the field 
parties, working in the Missouri Basin during the summer and early 
fall mouths. Following his return to Wasliington ho participated 
in the annual meeting of the Committee for the Recovery of Archeo¬ 
logical Remains. During the winter and early spring montlis Dr. 
Roberts worked on the manuscript of an article summarizing the activ¬ 
ities and tile results of the archeological salvage program for the 
10 years that it has been operating. In May he went to the Lincoln 
nffice to assist in the preparntion of plans for the sammer’s fieldwork 
in the lilissourt Basin. He was in the Washington office at the end 
of the fiscal year. 

During the first two months of the fiscal year Dr. Henry B. Collins, 
anthropologist, with three assistants conducted archeological field¬ 
work on Southampton and Walrus Islands in Hudson Bay. The 
work was sponsored by the Smithsonian Institution and the Kational 
Museum of Canada and was supported in part by a grant from the 
American Pinlosophical Society. The party, conslsti^ of Dr. Col¬ 
ima, Dr. J. N. Emerson, University of Toronto, William E. Taylor, 
Jr., National Museum of Canada, and .Tames V. Wright, anthropolo^ 
student at the University of Toronto, left Montreal by R. C. A. F. air¬ 
craft on June 8, 1955, and arrived at Coral Harbour, Southampton 
Island, the following day. On June la they went by Eskimo dog 
team over the sea ice to Native Point, an abandoned Eskimo village 
site 40 miles down the coast, where they camped for the summer. 
Native Point (Tunermiiit) was the principal settlement of the Sadler- 
miut, the aboriginal Eskimo tribe of Southampton Island, the last of 
whom died there in an epidemic in the winter of 1903^. Tlie site 
consists of the ruins of Tfi semiaubterraiiean stone and sod houses in 
addition to a dozen old “quarmats'’ or autumn houses built by the 
Aiviltk Eskimos who iiava camped tliere in recent years. Hundreds 
of stone graves, caims, and meat caches He along the beach near the 
site and on the old shorelines in eveiy direction for miles around. 
Excavation of house mins, middens, and graves at the main Sadlcr- 
mtut site and two smaller sites nearby supplemented the work of the 
previous year and provided an adequate picture of the material cul¬ 
ture and way of life of the Sadlermiut Eskimos. The Sadlermiiit are 
commonly thought to have been descended from the Thule Eskimos 
who migmted from Alaska to Canada and Greenland some seven or 
eight hundred years ago. However, from the work on Southampton 
and Walrus Islands St seems more likely that the Sadlermiut had 
merely been influenced in some ways by tiie Thule culture and that they 
were actually the descendants of the preliistoric Dorset Eskimos, who 
were the other, and principal, object of study by the expedition. 
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The main Doi^t site at which excaYELtionE were made lies a mile to 
the east of the Sadlemiiut sitOi It is situated on the gently sloping 
surface of a TO-foot high headland trliich had once fronted the sea 
but which now lies half a mile back from the present beach. The aite 
coDEists of shallow midden deposits, cohered by a low, sparse growth 
of vegetatiDii, eateuding for an area of well over 20 acres, one of the 
largest Dorset sites known. The site was designated T from 
Tunemiut, tlie Eskimo name for Native Point. A second, later 
Dorset site was found near the Sadlermiut site ojid called T 2. A 
third Dorset site, T 3, slightly later than T 1, was found on the old 
beach line immediately below' it, at an elevation of 40 feet above sea 
level. Samples of charred bone escavated at the T I site in 1054 were 
submitted to the University of Pennsylvunia Carbon-14 Laboratory 
and found to be 2060^=230 years old^ Tlie thousands of stone, ivory^ 
and l)one artifacts found at T I and T 3, though conforming in general 
to the basic Dorset culture pattern, were in many respects specifically 
dliferent from tliose found at other Dorset in Canada and Green¬ 
land. Flint implements, which were far more abundant than any 
other artifacts, were small and delicately chipped, like Dorset im¬ 
plements generally, but most of them differed in form from previously 
known Dorset types, and some of them were unlike anything known 
from America. Tlie majority of the blades would be described as 
rnicrolithic, and some of them in shape and teclmic|ue were similar to 
microlithic types from pre-Eskimo sites in Alaska and Mesolithic 
sites in the Old World- The cultural material from T 1 and T S seems 
to represent an older, simpler stage leading up to the classic Dorset 
culture; it should probably be referred to as formative or proto- 
Dorset, All faun al rema 1 ns from the eicavadons were preserved. The 
thousands of bird bom:^ and occasional fish bones and mollusks were 
brought back to the Smithsonian for identification. The mammal 
bones were counted and as many as poadble identified in the field. 
As a result of the bone count some striking differences were observed 
in the food economy of the Sadlermiut and Dorset Eskimos 

hive days in July were devoted to escavations at an abandoned 
village site on Walrus Island. The hoii^ which had been made of 
iriBsaive blocks of granite, proved to be Dorset rather than Sadlermiut 
as expected, and provided the first adequate information on the house 
typM of the Iferset Eskimos- The artifacts from the houses were 
typical or classic Dor-set, different from and later than those from the 
pTotc^Dorset site T 1 at Native Point. Hants, fossils, and Insects, 
infiluding ectoparasites on birds and lemmings^ were also collected 
during the summer. 

Two preliminaiy reports on the Southampton and Walrus Island 
work were prepares] by Dr. Collins, one for the Anunal Report of the 
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Kationftl Museum of Canada and tho other for Anthropological Papera 
of the University of Alaska. ^Archaeological Research in the Ameri¬ 
can Arctic,” a general article describing the current status of Arctic 
archeology, was publislied in Arctic Research, Sj>edal Publjcation 
2f o. 2 of the Arctic Inst itute of North America. Dr. Collins contin ued 
to serve as n member of the Board of Governors of the Arctic Instituto 
of North America and of its committee on research. Aj& chairman of 
the Directing Committes of Arctic Bibliography, lie con Untied to 
supervise the preparation of this ’W'orbj ii comprehensive annotated 
bibilogi^aphy which ibts and summarizes tlie contents of publications 
in all helds of scienca relating to tho Arctic and sub-Arctic regions of 
the world- Volume 6 qf the Bibliography, 1,208 pagest issued 
by the Government Printing Office in April IHSG, and material for 
volume T, of approJclmately the same size, was turned over to tlie 
printer in June, Funds for the preparation of an eighth volume were 
obtained from the Departments of the Army, Navy, and Air Force, 
and the Defense Research Board of Canada. As ft member of the 
Permanent Council and the Organiaing Coounittee of the Interna¬ 
tional Congress of Anthropological and Ethnological Sciencea, Dr. 
CoUins participated in. the work of planning for the fifth se^ion of 
the Congress to be held in Philadelphia, September 1-9,1950* At the 
close of the fiscal year Dr, Collms was in Europe, making a survey of 
Mesolithic matermls in muEeums for their possible bearing on the 
Eskimo problem. 

At the beginning of the riscal year Dr* Philip Drucker was in 
Mexico finishing up his fieldwork at La Yenta, studying the material 
ooUected there and comparing It with the collections in the Museo 
Nocional at Mexico City. It was through Dr. Drucker s intercession 
that the U, S- National Museum received a collection of 1ST polished 
jadeite and other stone objects from La Venta 03 a loan from the 
Museo Nacional of Mexico. Upon his return to WaaKington in Sep¬ 
tember ho completed the writing of his share of the final report on the 
La Venta excavations, and also completed and submitted for publica¬ 
tion his manuscript on the Native Brotherhood Societies of Alarita 
and British Columbia. On December 9, 1955, Dr. Drucker rcaiguod 
from Ute Bureau. 

RTVEK BASIN SUHVETifS 

tPrfipATed by FjaNE H. H. Rofliais, Jit, Dif«t<JTp from mEmiiltcd by sUfF members) 

Throughout the year River Basin Surveys continued its program 
for salvage archeology in arons to be flooded or othcrivise destroyed 
by the construction of large dams. As in previous ycftrs, the work 
was carried on in cooperation with the National Park Service and 
the Bureau of Reclamation of the Department of the Interior, the 
Corps of Engineers of the Department of the Army^ and a number of 


46 ANNUAL KEPOBT SMITESONIAK IN&TITUTIOK, ID66 

State m\d local institutiom. An increase in funds for the year 
made poi^sible more extensive InTC^tignttans than in the preceding 
year. During 1055-^6 the program of the River Basin Survey b ivas 
tinanced by a transfer of 5^92^50 from the ifational Park Service 
and a gi'ant of $12,000 from the Idaho Power Co+ The funds from 
the National Park Service were for use in the lligsouri Basin* A 
carryover of $3^663 from tlie previous year made the total available 
for operations in the Missouri Basin $90,023. The grant from the 
Idaho Power Co. was to providB for the excavation of altea along 
the Snake River ui Oregon^Idaho which will be flooded by the con¬ 
struction of tliat cGinpany's Brownlee and Hells Canyon dame. The 
latter funds were the first for work outside the Missouri Basin made 
available to the River Basin Surveys in several years. 

Investigations in the field during the year consisted of surveys and 
eiccuvations. Most of the efforts were conoentratod in the digging 
of sites. Because of a slight delay in receiving the new Federal funds, 
it wijus the middle of July before parties were Bent out from the field 
head<iuarters at Lincoliij Xebr, On July 15 a survey party began in* 
vestlgations in tlie Tiber Reservoir* On July 18 a second party start¬ 
ed digging at a fortified village site near the mouth of the Cheyenne 
River iu Uie Oahe Reservoir area, and on July 20 a third party started 
Operations in the vicinity of the Oahe Dam near Pierre, S* Dak In 
Maya historic-sites party began excavations at the location of an early 
trading post in tlie area of the outlet channel below the Oahe Dam, 
Early in June a second party returned to the Cheyenne site and re- 
Biimcd excavations at that locality. Later a third party proceeded to 
a village site near Whitlocks CroEsing in the Oahe Ecservoir basin 
and started investigations where no previous work had been done. 
On June 2 a survey party began operations in tlie Big Bend Reservoir 
area near Fort T bompsoti, S, Dak,, and on June 12 an excavating pai'ty 
began digging a site in the Ix^vewell Reservoir area in northern 
Kansas, Late in June a party proceeded to Robinette, Otvg,, where it 
established eojnp and initiated excavations in one of the Snake Eivev 
Bites, All tli^ parties were continuing their inv^^igations at the 
close of tho fiscal year. During the year no paleontological studies 
were made in any of the areas by the River Basin Sm^veys;, However, 
some fossil collecting was done by State institutions. 

As of June 30, lOfsOj reservoir areas where archeological surveys 
and excavations had been made since the Salvage Program got under 
way in 1040 totaled 244 in 27 States; also four canal areas and one lock 
project had been investigated^ The survey parties have located and 
reported 4^65 archeological sites, and of that mimber 802 have been 
rMomiucuded for limited testing or excavation. The term *^excava- 
tion in this connection implica digging approximately 10 percent of 
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a site, appraifial reports have been issued for all the 

reservoirs siirveyedj and in cases n'hera additional reconnaissance has 
Ignited in the lindiDg of other sites supplemental reports have been 
prepared* During the last fiscal year four such reports weits written 
and wore distributed in a single niimeogrii plied pamphlet- Through¬ 
out the years since the initiation of the program ISl reports have h^n 
distributed. The discrepancy between that figure and the total num¬ 
ber of reservoira visited is due to the fact that in several instances 
the information obtained from a whole series of prcjposed reservoir 
projects occurring in n basin orsobbasin has been included in a single 
rc|>ort.. 

By the end of the fiscal year S3D sites in 46 reservoir basins scattered 
over 17 different States had either been tested or partially dug. Only 
a ringle site was e:icavated in some of the reservoir ai^as^ while in 
others a whole series was studied. Thus far at least one exnrnple ol 
each ty[>e of site recorded in the prelimttiary surveys has been ex¬ 
amined- The results of certain phases of the excavations have 
pea red in various scientific journals and in the bulletins of the Bureau 
of American Ethnology and the hlisoellaneoug Collections of the 
Smithsonian Institution. During the year River Basin Surveys Paper 
No. 8j, which is to be Bulletin 166 of the Bureau of American Ethnol- 
ogyi was sent to the printer, and at the close of the year galley proofs 
of the publication were being read by fhe author. Two detailed tech¬ 
nical reports on tlie resulU of earlier work were completed during tfie 
year and are ready for publicati on. 

The reservoir projects that have been surveyed for archeological 
remains as of June 30, 1!)56, were distributed as foUows: Alabama, 
1; California, 20; Colorado, 24; Georgia, 5; Idaho, 11; IllJnois, 2; 
Kansas, 10; Kentucky, 2; Loumana, 2; Minnesota, 1; MissiEsippi, 1; 
Montana, 15; Nebraska, 28; New Mexico, 1; North Dakota, 13; Ohio, 
2; Oklahoma, 7; Oregon, 27; Pennsylvania, 3; South Dakota, 10; 
Tennessee, 4; Tesiis, 19; Virginia, 2; Wusbington, 11; West Virginia, 
2; and Wyoming, 22. 

Excavations hava been made or were under way in re^rvoir basins 
ini California^ 5; Colorado, 1; Georgia, 4; Kansas, 4; Montana, 1; 
Nebraska, 1; New ileadco, 1; North Dakota, 4; Oklahoma, 2; Oregon, 
4; South Carolina, 1; South Dakota, 4; Texas, 7; Virginia, 1; Wash¬ 
ington, 4; West Virginia, 1; and Wyoming, 2. The foregoing figures 
include only the work of the River Basin Surveys or that in wliich 
there was direct cooperation with local institutions. Projects Uiat were 
carried on by local institutions under agreements with the National 
Park Service are not included because complete information about 
tliem is not available. 
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During the year the River Bafiin Surveys continued to receive help¬ 
ful cooperutien from the National Park Service, the Bureau of Bee- 
lamntion, the Corps of Engineers, the Geological Survey, and various 
State and local inEtitutSons. Transportation and guides were fur¬ 
nished in a number of instances, and mechanical equipment made 
available by the construction agency speeded the ’work at a number 
of locations- Temporaiy headquarters iis Vfell as li’ving acconunoda- 
tions "were made available at several projects* Detailed maps of the 
reservoirs under investigation were supplied by the agency concerned 
and helpful mfortnation was provided whenever it waa needed. The 
National Pork Service continued to function as the liaison bat’ween 
the various agencies both in Washington and in the field and through 
its regional offices obtained information about the locations for dams 
and reservoirs as ’well as data concerning construction priorities. The 
National Park Service was also chiefly responsible for the preparation 
of estimates and justifications and in procuring funds for carrying 
on the progranL Had it not been for the enthuriaBlic assistance of the 
personnel in all tli# cooperating agencies, it woidd not have been 
possible for the River Bositi Surveys to have accomplished so much 
for the year. 

General direction and supervision of the program were continued 
by the main office in Washington- The field headquarters and labora¬ 
tory at lincoln, Nebr., was in direct charge of the ’work in the Aiissouri 
Busin. All the materials collected in the Missouri Basin ’^vere proc¬ 
essed at the Lincoln laboratory and subsequently t’wo large lots of 
specimens were transferred to the U. S. National Museum- Through 
the cooperation of tlje Washington State Museum at Seattle, the Snake 
River party was provided with a base of operations. The general 
direction of the activities in that ai'ea, however, was from the Wash¬ 
ington office, 

—^The main hendquarterg of the River Basin 
Surveys at the Bureau of American Ethnology continued throughout 
the year under the direction of Dr- Frank H- H. Roberts, Jr. Carl 
F. Miller, archeologist, ’was based on that office and agisted the direc¬ 
tor in general administrative duties from time to time* Willismi M. 
Bass was added to the staff ou June 13 as a temporary physical 
anthropologist 

Mr* Miller reported to the Lincoln office shortly after the beginning 
of the fiscal year and worked in the Missouri Basin until late in 
September, when he returned to the Washington office. His activities 
during the siunmor are covered in the Missouri Basin portion of this 
report After his return to Wasliington he prepared a series of brief 
reports on the results of his fieldwork and then turned his attention 
to his unfinished report on his previous investigationB at the John IL 
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Kerr (Suggs Maud) Reservoir in Virginia, In April Mr. MlDer 
transferred to the regular staff of the Bureau of American Ethnology 
for the purpose of carrying on investigations in a cave in Jackson 
County^ Ala-, where the deposits contained rt long sequence of Indian 
cultural history. He returned from Alabama m June and resumed his 
duties ns a member of the River Basin Surveys staff- He proceeded 
to Lincoln, Nebr,, and on June 21 left for South Dakota where he 
began excavatioos at a site in the Oahe Resarvoir area- During the 
tuonths in the Washington office Mr. Mill er spoke before a number 
of Boy Scout troops and acted as scientific consultant to a number of 
high-3chool fitndente who were participating in a science contest in 
Alexandria, Va- During the year Mr. MtUeria manuscript “^Revalua¬ 
tion of the Eastern Slouan Pioblem, with Particular Emphasis on 
the Virginia Branches—the Occaneechi, the Saponi, and the Tnteloj’^ 
which was a byproduct of his study of the data pertaining to the 
John H. Kerr Sfe^erroir, was sent to the printer and will appear as 
Antliropological Paper 52 in Bulletin 164 of the Bureau of 
American Ethnology. 

After ioioing the Eiver Baain Surveys Mr* Bass began a study of 
the human skeletal material that had been collected iu the Missouri 
Basin and transferred to tiie U* S. National Museum. His work was 
well under way at the end of the year. 

Cohimbia Bimu* —^After a lapse of several years tlie River Basin 
Surveys resumed investigationa in the Columbia Basin late in the 
fiscal year* On June 11 Dr* Warren W* Caldwell joined the staff 
as archeologist. He left Seattle, Wash., on June 22 and proceeded 
with a party to Robinette, Oreg., where camp was established and 
excavations were started in a cave not far from the town of Robinette. 
The latter is built on a series of Indian sites, and tests were to be made 
algo at various places in the town. The party was actively engaged 
in its investigations at the close of the year, 

A report^ “Excavations in the McKary Reservoir Basin near Uma¬ 
tilla, Oregon,” by Dr. Douglas Osborne, was sent to the printer toward 
the end of the fiscal year. It will appear as River Basin Surveys 
Paper No. 8, Bulletin 166 of the Bureau of American Ethnology. The 
report covers investigations made during a previous year when the 
River Basin Surveys was operating a full-scale program along the 
Columbia River, 

Mis»curi —^The Miasouri Basin project continued to operate 

throughout fiscal 1356 from the field headquarters and laboratory at 
1517 Street, Lincoln, Nebr* Except for periods of one week in 
August and two weeks in September, when he was detJiiled to the 
Departmant of Justice to assist in an Indian Lands Claim case, G. 
Hubert Smith served as ardieologist-in-charge from July 1 to Jonu- 
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ary 10. Oti the latter date Dr. Hobert L. StepliensoD, chief, returned 
from acadetnic leave and nesmned direction of the project. ActiTities 
during the year included all four phaaea of the Salvage Program: (1) 
surveyj (2) esravfttion: (3) analysis; and (4) reporting. Phases 2 
and 3 received the greatest attention however. 

At the beginning of the fiscal year the Llissouri Basin pi-oject had 
a permanent staff of eight, sk assigned to the lincoLn ofiico and two 
to the Washington office. Since the chief was in leave status there 
actually were only seven on active duty. Dr. Waldo K. Wedcl, arche- 
ologist, and George Ifetcalf, field asdstant, were detailed to the 
Missouri Basin project from the U. S. National Museum during July 
and August. In July, August, September, and October there were 
20 temporary student and local nonstudent employees working in 
the field. Tlieir services were gradually terminated as excavations 
were brought to a close, and by November 5 only tlie permanent staff 
remained- During the winter and early si>ring months a derk- 
stenograpLer, a photographer, and a pckrt-time records custodian were 
employed. These permanent additions to the staff continued on dnfy 
tliTOUgliout the remainder of the year. In addition, a temporary part* 
time draftsman and a temporary part-time photographer assisted in 
the laboratory on various oocasions. Wedel and Metcalf were again 
detailed to the Missouri Basin project on June & and w’ere working 
for it at the close of the fiscal year- One temporary field assistant 
entered on duty May 28 and another on June XI. Both were with 
field parties at the end of the year. A temporary physical anthro¬ 
pologist was appointed on June 18 and was lUvUgned to the Wash¬ 
ington office to prepare reports on the skeletal materials from various 
Missouri Basin sites. The archeologist assigned to tire Washington 
office returned to the Missouri Basin on June 20 and was on duty there 
at the end of the fiscal year. Also, 20 temporary student and local 
nonstudent lnl>orers were employed in the field. Thus at the close of 
the year there were 11 peimonent employees, 2 employees detailed to 
the Surveys,2 temporary field assistants, 1 temporary physical anthro¬ 
pologist, and 29 temporary laborers on the staff of the Missouri Basin 
project. 

During tlie year eight River Basin Surveys field parties oi}erat€d 
in theMissoun Basin, three in the peinod Juiy-October and five in the 
period May-.rune. One party in the Jnly-October period and one in 
the May^une period were occupied in survey and site-testing activ¬ 
ities. One party in the ilay-June period was engaged in the excava¬ 
tion of a historic site. The other five were excavating in prehistoric 
and protohistorie Indian village sites. Other fieldwork in the Mis¬ 
souri Basin during the year included six field parties from State insti¬ 
tutions working under agreements with the National Park Service 
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and in cooperation with the Smithsonian Three of these 

parties were in the field in the July-Octoher period and three in the 
Maj^une period- 

In the Tiber Reservoir area a small field party directed by Carl F. 
Miller conducted excavations along the Marias River in nortli-central 
Afontana from July 19 to August 10- Vaxious sites located by previ¬ 
ous Smithsonian InEtitution parties in the aiea were revisited and 
esca vat ions were conducted at site ^TI^6. This site proved to be 
of Woodlftnd affiliation with some possible earlier and later sporadic 
oocupatiorL Otlicr sites visited hy previous parties and Fecommended 
for further study have been destroyed by periodic flooding in the area^ 
and on the com pi el ion of the 1955 season no further work was reconi- 
mended for the reservoir. 

In the Pactola Reservoir basin^ the Carl F, Miller party conducted 
investigEitions on Rapid Creek in Penningtfln County, S. Dak., August 
19-24. A brief survey bad besen njade there in llNfi by a Smitlisonian 
Institution field pai-ty, but heavy vegetation prevented adequate in¬ 
vestigation at that time. Millor^s party failed to find any archeo¬ 
logical materials and no further work was n*cominended for the area. 

In the Merritt Reservoir basin, the Carl F. lliller party conducted 
investigations on the 8nake River and Boardman^s Creek in Cheoy 
County, JTebr.j from August 26 to September 2. Sites recorded by 
Op previous Smithsonian Iiisfitution party were revisitetl, sampled, 
and analyzed. Two of these had largely been covered by windblown 
sand, one was test escavated, and two yielded Woodland and later 
materials* Several blowouts w^ere examined where cliipped-stone arri- 
factfl were recovered. No further work was recommended for this 
area until s^lch time as construction activities might bring to light 
new material. 

In the Glendo Reservoir urea, on the North Platte River in Platte 
County, Wyo., the Carl F. Afiller party continued its field season 
from September 5 to 13. Invest igations there consist^ of a reexam¬ 
ination of sites located by an earlier Smithsonian Institution field 
party and recording of two new sites* One site, 48PL15, remains m 
the principal locality for furtlier examination in the Glendo Reservoir 
are^i ttTid work will be started there early in tlis new fiscal year. 

In the Oahe Reservoir ai'ea, the Carl F. Miller party concluded its 
field season at the Buffalo Pasture site (S8ST6) in Stanley County, 
S, Dak,, a short distance above the dam construction area* With the 
aid of a bulldozer a trench 11 feet widoj 367 feet long, and about 3^ 
feet deep was cut across a portion of the site in order to expose the 
stratigraphy from the present surface to sterile deposits below any 
cultural remains. There had been extensive digging at the Buffalo 
Pasture site during a previous season when the remains of fleveral 
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eartii lodg^ were uneoTeitsd and the encircliiig moat and renmaiits 
of the palisade were studied, but it was not until the big trench was 
cut that the site won detcrenined to represent a single oocupatiom The 
trench bisected the depressions of four circular lodges and esposed 
some 20 refuse-filled cache pits which were cleaned out by hand. An 
excellent series of specimens, including a large pottery Tcssel, waa 
recoifered while the operations were under w ay. 

The second field party in the Oahe Reservoir area in tlie p56 field 
season was a Smithsonian Institution gioup directed by Richard P. 
Wheeler. This party conducted excavations from July 20 to Novem¬ 
ber 5 at the Leavitt ^te (39ST215) and at the Breeden site (39STie), 
formerly known os the Ifathison site. The Leavitt site proved in 
part to represent an early historic Indian occupation related directly 
to the occupation at tJio Philip Ranch site, excavated in 19S1 and 
reported in Bulletin 158 of the Bureau of American Ethnology, and 
in part to an older late prehistoric period. The site pr^uced materials 
that a^ist greatly in the interpretation of both phases in the Oahe area. 
Especially important was the recovery of IS Imman burials. One of 
them was particularly interesting because the skeleto'n was tliat of a 
large male with a lead musket ball embedded in the dorsal surface of 
the right pelvic bone. The individual had been shot in the back, 
possibly while running away from an assailant. There was nothing 
to indicate immediate death, hut the man had not lived long because 
the bone socronnding the ball had not started to heal. Iron and brass 
bracelets, as well as glass beads, were found in several of the graves. 
At the Breeden site there was evidence for at least three occupations. 
The earliest waa older than the first one at the Ijeavitt site and pro¬ 
duced four deeply burled rectangular houge remains indicative of 
the Monroe Focus which is thought to date at approximately 
A, D. 1200-1300. The later occupations have not been sufficiently 
identified to correlate definitely with other known cultures but they 
d id have circular house structures. One has been attributed tentati vely 
to tlie La Roche Focus, which is estimated by some to be .A. D, ICOO- 
1700, and the other to the historic Teton Dakota of about 1825 to 1S75. 

Tlie third Smithsonian Institution party in the Oahe area In the 
1955 season was directed by Dr, Waldo R. Wedel, assisted by George 
Metcalf. Working from July 18 to August 31, that patty continued 
investigations at the Cheyenne River ate (30ST1) which were begun 
by Dr. Wedel in 1951 for the River Basin Surveys. The site, a multi¬ 
component one, is located near the juncture of the Cheyenne River 
with the ftfissouri. Excavation of a large rectangular pit house, be¬ 
gun in 1951 and identified with the earliiist of three occupations, was 
completed in 1055, and a TO-foot section of the stockade line forming 
part of the defensive works for the last (third) occupation was vn- 
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covared- Much of the fill removed from the rectangular house pH 
coomsted of sherds^ bcne^ and other refuse material attributable to 
(Lix intermediate late prehistorjc occupation for which no houses hcive 
jet been opened on the si tcv The 1955 ^vork apparentlj coufiitns earlier 
infei'enccs that the site represents three sepamte occupations, the 
earliest probably postdating circa A* D- 1300^ the latest autedatiug 
1800 and in all likelihood attributable to the Arikara. At the close 
of the season Dr^ TFedel recommended further inveatigations during 
the 105G season in order to ascertain the nature of the dwellings left 
by the second gccupation w^hich it has been suggested may belong to 
the Bennett Focus, Tlie site also promises important data hearing 
on Ihe interpretation of village plana* the cultural sequences, and the 
way of life of the prehistoric Indians of that area. 

The fourth party in the Ouhe area in the 195& season was sponsored 
by the University of South Dakota and tlie South Dakota Archeo¬ 
logical Commission working under a cooperative agreement with the 
National Park Service^ Dr. ’Wesley E. Hurtj of the University of 
South Dakota, wit 3 the director, and the party continued escavation 
of the Swan Creek site (39W WT) which was begun the previous yeafi 
ending a T'Week season on August h Human burials, a moat, a pali¬ 
sade, and houses wore excavated, greatly incre aa ng tlie information 
on these features for the region* Tliis party also conducted limited 
test excavations at sites 30W W300, 39VV VV301, 3DVV VV302, and 39- 
WW303. 

In the North Dakota portion of the Oahe. Re^rvoir area the State 
Historical Society of North DakotJi, working under a cooperative 
agreetnettt with the National Park Service, comprised the fifth field 
party in that reservoir. The party, directed by Alan R. Woolworth, 
conducted cjccavationg at the Paul Brave {or Fort Yates) site (32Si4) 
from early July until late August. Three earth lodges of rectangular 
pattern were excavated. Limited testing was also accomplished in 
sites 32SIS and 32SI3. Surface collections were made at a aeries of 
other sites in the vicinityi and aerial survey provided photographic 
records of 19 other sites in the North Dakota portion of the reservoir* 

The 1950 field seaaou in tlm Oahe Reservoir area began early, and 
by the end of the fiscal year six parties were in the field. G. Hubert 
Smith led a SmitliBonian InMitution patty to the vicinity of the dam- 
construction area on May 21 and was etill in the field at the end of 
the fiscal year. Smithes party spent some time examining old historic 
land records in the General Land OfTics at the State Capitol in Pierre, 
as well as records in the Sonth Dakota Historical Society, in an effort 
to dotermine the location of varions frontier trading posts* They then 
covered the area carefully on foot and fi na lly found what appear to be 
the remains of Fort Pierre II which was in use around lSo9"03- It 
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ttlfso se€iii5 pitjbabk now that Fort Pierre II and Fort Galpin 
(I8fl7-5D) are identical in location. Escuvations in this locality in 
June revealed the outline of the stockade, the locntioti of several struc¬ 
tures, and produced interesting nrtifactnal materials. The fort was 
much larger <hnn most trading posts ns the enclosure was approsi- 
inatel; £200 feet square. It was destroyed by fire. Other historic sites 
scheduled for investigation by tliis party include Forts La Framboise 
and Primeau (both dntuig in tine I860's) and, if time penults, tlie 
sites of Fort Sully and Fort Bennett, 

On June 5 Dr. Waldo E. Wedel returned to the hfissouri Elver Basin 
and ttnjk a Smitlusonian Institution field party to the Cheyenne Eiver 
^te (iJOSTl) where tlie tinal season of excavation was starterL By the 
end of the fiscal year Uie paily had opened several test areas, cache 
pits, and bouse features, recovering a good sample of artifacts. Upon 
completion of work at this site the Wedel parly plans to finish excava¬ 
tions which were begun by another River Bitsin Surveys party in ID512 
at the Black Widow site (39ST3). 

A Smithsonian Institution party directed by Carl F, Miller began 
digging at the Hosterman site (SfiPOT) near Whitlock’s Crossing, S. 
Dak., the last week in June. Having only started by the end of tlie 
fiscal year this party had nothing to reiwi't. 

A Univeraily of South Dokota-Soutli Dakota Archeological Com* 
mission party, working under a cooperative agreement with the Xa* 
tional Park Service and directed by Eoscoe Wiliucth of the University 
of South Dakota, begun excavations in mid-June at the Swan Creek 
site (30MT\'7). This party also planned to muka test excavations at 
two nearby sites (Sfl’lV’WSOJ and fl!)WW303) after completing the 
work at the Swan Creek site which was begun two seasons ago. Tltey 
were in tlie field at the end of the fiscal year. 

A University of Wisconsin field party', working under a cooperative 
agreement with the Xational Pork Service and dii'ected by Dr, David 
A. Baerreis of that Univereity, began W'ork early in June at the Ekio 
site (3S)WW3) near Mobridge, 3. Dak. The party expected to con¬ 
duct test excavations at two other nearby sites (20CA6 and 39CA9) 
after finishing the seasons work at the Fklo site. They were in the 
field at the end of the fiscal year. 

In the Xoiih Dakota section of the Oahe Reservoir a State Histori¬ 
cal Society of North Dakota field i>arty directed by Alan R, Wool- 
wortb, working under a csooperative agi’cemcnt with the National Park 
Service, began investigations in raid-June, They excavated at the 
Demery site (30COl) in Carson C^junty, S. Dak., and at the Fireheart 
site (32SIS) in Sioux County, N. Dak. Tliey also were to test an 
additional site (32SI208) in tlic vicinity. All three sites are near the 
North Dakota-South Dakota border. The party was in the field at the 
end of the fiscal year. 
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With the added resiilts of the current yeitr’a work, it is now pofisible 
to identify at least nine archeological complexes in ihe Oahe portion 
of the Sfissouri Basiiij covering the years about A. D. S50 to 1359. 
Some indicatloiis have been found of occupations belonging to an 
earlier period^ but tliey are not suBiciently known as yet to be included 
in the definitely identified list. 

In the Fort BandaU Reserroir two field p[itiies operated in the 1955 
field season. The Nebraska State Historical Society, under a cooper¬ 
ative agreement ivith the National Park Servicej hud a party directed 
by Marvin F, Kivett eacavating at the Crow Crutrk site (S9EF11). 
Work was started on thig site in the 1954 season and the sctroiid sea- 
soti’a digging there was completed late in August of 1955* Tliia com- 
plei site contains tlie reruaing of two and possibly tliree occupations 
ranging Ln time over 3t)0 or more years. The season's work provided 
new data on villagB plansj bouse types, ford Mentions, and reiationshiiis 
of this area to other areas in South Dakota and Nebriu^ku-. 

Tlie ^ond party in this area was that of the Univei^ity of KanM^ 
led by Dr* Carlyle S. Smith of that institution and working under a 
cooperative agreement with the National Park Service. They exca¬ 
vated site 39BF204 over a 7-week period ending the last of July. They 
also conducted some test, excavations in site 39BFS50lj whidi appeared 
to be culturally ideutical to the former site* Both relate directly to 
the Spain site (3001301) and the Talking Crow site (39BF3), which 
were excavated in previous jeurg by piirties under Dr. Smith. 

In the Big Bend Reservoir area a SmithsoniaTi Institution party 
directed by Harold A. Huscher began an intensive survey and site- 
testing 0|>eration in tliis newly activated leservoir ou the Misgouri 
River in South Dakota on June Hie party planned to ^arch the 
entire reservoir for arclueological |>otentialitie 3 . It w as scheduled 
to visit all known sites, locate fdl possible uew sites, and make explora¬ 
tory tests in all of them in order to determine what additionul excava¬ 
tion must he done before inundatloiL By tlie end of the fiscal year it 
had visited and tested 20 sites and had located ec vcral others fi-om pro- 
vioua records. 

In the Lovewell Reservoir area a SmithBonian Institution party 
directed by Robert W. Neuman began the excavation, on Juno 12, 
of three sites on Wlute Rock t -reek in Jewell County, Kans. They 
felartcd at site llflWl and worked there until the end of tlie fiscal 
year. Tho otlier two sites are 14JW2 and 14JW201. These sites 
sliould help materially m eetabliifhing the siguificAnce and cultural 
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content of the White Hock Focus and Lta relation to tha western ex¬ 
tension of tho Oneota Aspect. 

A total of 16 parties rrere in tlie Held during fiscal 1956, 7 in the 
1055 season, and S in the 1956 season, inreEtigating archeolo^cal 
remains in 8 reservoirs. They conducted excavations at 24 sites, 
tested over 40 sites, and examined the surfaces of nefirly 100 sites. 
Each field party consisted of a craw chief and from 6 to 10 crewmen. 
Bulldozers and other heavy equipment, supplied through the courtesy 
of the Lytle-Green Construction Company and the Corps of Engi¬ 
neers, were used at some sites in order to expedite investigations. At 
all reservoir projects the complete cooperation of tlie Corps of Engi¬ 
neers and the Bureau of Keclamation personnel wos always willingly 
given, 

On May 14 three members of this staff joined Dr, Dwight R, Cran¬ 
dall of the U. S. Geological Survey, Denver office, on an archeological- 
geological field trip to tha areas of the Oahe, Big Bend, and Fort 
Randall Reservoirs in South Dakota. The party was in the field for 
seven days, esaniining Pleistocene and early Recent geological de¬ 
posits and fossil soils. The principal purpose of the trip was to 
instruct members of the River Badn Surveys stall how to recognize 
possible localities where araheological deposits of Early Man mate¬ 
rial or odior pre-pottery cultural remains might be found. Tlie 
results of the trip, while negative frani the standpoint of actually 
finding such sites, provided thia office W'ith a great deal of informa- 
tiou ns to where and how to search for such material in the future 
and what might be expected in specific localities. Tho threo members 
of this staff who accoiupaniod Dr. Crandell were Richard P, WTieeler, 

G. Hubert Smith, and Lee G. Madison. Dr. CrandeU’s participation 
in the project W03 arranged til rough the cooperation of Dr. Wilmot 

H. Bradley, Chief, Geologic Division of tho Geological Survey. 

Wliile fieldwork during the fiscal year was devoted to phases 1 and 

a (survey and excavation) of the salvage program, laboratory and 
office activities were devoted to phases 3 and 4 (analysis and report¬ 
ing). During the time the archeologists were not in the field they 
were engaged in analyses of their materials and in laboratory and 
library research. They uIew prepared manuacripta of technical scien¬ 
tific reports and wrote articles and papers of a more popular nature. 
The laboratory and office staff devoted its time to processing specimen 
materialB for study, photographing specimens and preparing speci¬ 
men records, and typing and filing records and manuscript materials. 
Hie ttocomplishments of the laboratory and office staff are listed in 
the following tables. 
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Table 1.— 


Keservoir 

Number 

cf 

Catalog 

jiumbeiii 

a^fgn^ 

Number of 
apccImeDS 
proeo^i:^d 

Olcndo_ 

16 

4h11 

5SS 

Men'!tt- - -- , 

I 

7 

220 

Oahe ^ 

14 

5, 1S3 
172 

376 

Tiber, - ... 

3 

374 

KoJT:’’R4?i&rvoSrw, , _ 

2 

5S 

70 

UiiB£sigii?d 

4 

170 

527 



Total _ _ ^ * 

40 

6^030 

3a, 152 



Aa of June 30^ 1056, the Miagouri Basin project had cataloged 
570,2^ specimens from 1J>17 numbered sites and 4T coliections not 
aasi^ed site numbers. 

Two shipments of archeological materials were sent to the United 
States National Museum for permanent transfer. One was by 
Missouri Basin project Teliicle end consisted largely of fragile items 
such as human skeletal reimins^ pottery ressals and Teesel sections^ 
bone, sliell, and wooden artifacts. Tlio ^ond was by truck freight 
and consisted of stone specimens and other inoit durable niateriala 

TAHt;c 2,—Record maitrisU proccMsed 

coplej* of i-ecoFrt& _ _ —J^2S8 

PliotoetaplLl'C negatives madc_^___ _____ _ 615 

PUotofiniplilc prlnta marto _. _ ___2^784 

photogTRUbic prints monnted end iled^ ____—_______ 1,00# 

Plate laments made for aianiiserlpbi________ 42 

Transparenclea mounted Jn ___ _ _ _ _ _ SI 

Drqwln^.!^, tmdiai^Sr aufi inap$^ ______________ 1# 

Pottery Tessels restored^_____ _ _ S 

Pottery reasel aeetlona reslorml^-^. . .___ _ R3 

On May 3,4^ and 5 the annual meetings of the Society for American 
Archaeology ware held in Lincohi, Nebr. Ab a programmed part 
of the meetings^ Thursday eveiiingT May 3, was devoted to an “open 
housc’^ at the Atissouri Basin project laboratory at 1517 “O” Street. 
The office and laboratory were prepared with suitable displayfi of 
photographic and specimen materials in order to best eshibit the work 
of the Missouri Basin project. The ‘^open house” wii3 scliedulcd for 
81 00 to 10:00 p, m. but lasted until well past midnight. Appro^i- 
mately 120 people visited the office and laboratory at that time- 

Most of the activities of the Lincoln office during the first three 
weeks in March were devoted to a generoJ remodeling of the office 
space at 1517 Street. The entire first floor was cleaned and 
painted. The doors were sanded and coated with floor preserrativev 
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The. west half of tie first floor was partitioned into seTon oflEce cubicles. 
A map room wag made and tie fUing arid gecretarial facilities were im¬ 
proved. AH the work was done by members of the staff. 

Dr. Hobert L. Stephenson, chief of the Missouri Basin project, re^ 
turned to Lincoln on Jantiarj' 10 after 16 months academic leave and 
resumed his duties at the headquni'tsi's and laboratory. During the 
remainder of the fiscal year most of his activities were Erected toward 
the preparation of plans for the summer’s field program. In addition, 
he starteil work on a Eummaiy report of the llissouri Basin Salvage 
Program for the calendar years 1552-1055. Tie presented a papor, 
“Topography of a Late Archeological Site,” at the 66th Annual Meet¬ 
ing of the Nebraska Academy of Sciences held in Lincoln on April 
Sfllai. An abstract of tlie paper was publiahed in the Proceedings of 
the Nebraska Academy of Sciences. He also took an active part in 
the annual meeting of tlie Society for American Arohaetology held in 
Lincoln ilay 3-B and presented a paper entitled “Pottery from the 
Aocokeek Site, Maryland,” At the close of the fiscal year he was pre¬ 
paring to take a field parly to tho Sully site {^DSLI') in tlie Ouhe area 
north of Pierre, S. Dak. 

Harold A, IIuBcheT, field assistant, who worked several previous 
Bsasons for the Hiver Basin Surveys, rejoined the staff on May 2S, and 
on June 2 loft iJncoln in charge of a survey party which proceeded to 
Pierre, S. Dak., and began a reconnaissance of the proposed Big Bend 
Heservoir areaonthelifi ssoii i-i River. The work of the Husche r party 
waa continuing on June SO, 

Robert TV. Neuman, temporary field assistant, joined the staff on 
June 11- He left Lincoln on June 13 as tlie leader of a party which 
proceeded to the Love well Reservoir on TViiite Rock Creek, Jewell 
County, Kans. By tlie end of the fiscal year ha had excavated for two 
weeks in site 14JW1 and one week in site 14JW201. The work of 
Mr. Neuman and his party was hondicappiKl by severe rains but was 
continuing at tlie dose of the year, 

G. Hubert Smitii, archeologist, as previously stated wag iti charge 
of the Lincoln odioe during most of the period from July 1 to January 
10. His work for the Department of Justice pertained to preparing 
on cthnohistorical report on the Omaha tribe and appearing as a wit¬ 
ness at a hearing hdd in IVashington late in September when his 
report was introrluced as evidence. During the fall and winter montha 
Mr. Smith completed the manuscript of a detailed archeological report 
on egcavationg nt the site of Fort Berthold II (sa?i fT.a ) in the Garri- 
Eori Reservoir area in North Dakota. In addition Mr. Smith worked 
on a manuscript pertaining to excavations at Fort Berthold I and the 
adjacent Like-a-Fislthook Village. Tlie latter paper is being prepared 
in collaboration with Alnn R. Wool worth of tho Nortli Dakota Hia- 
toricol Sodety and James IT. Howard who was formerly associated 
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with that orf^anization and is now at the Kansas City Museum. Mr. 
Smith participated iix the animal Plains Archeological ConfereJice, 
tlie meetings of tlie Nebraska AcadcTTiy of Sciences luid of the Society 
for American Archaeology which were held at Lincoln. At the An- 
tliropologiraj Section of the Academy of Sciences^ he presented a 
paper on the ethnographic contributions of Paul Wilhelm^ Duke of 
Wuerttrrabergj who tirst visited the Upper Missouri region in 1B20. 
Early in May Mr. Smith went to IHerre, S. Dak., and spent u week 
with the geological party that was studying deposits in tlie Oahe 
Reservoir area. Following that activity he renmined ut Pierns and 
began liia regular Bummer^s program ^ as mentmiied in previous pages. 
Mr. Smith’s party was continLdtig i\s excavations just below the OaliB 
Dam at the md of the year. 

Upon completing the 1D55 season’s vvork Dr. Waldo E. Wedel te- 
tnmed to Lincoln, and before his departure, for Wasliington from 
tlie Missouri Basin project headquarters, prijeeeded to Turin, Iowa, 
to examine a reported fiitd of human akeletoms. lie was accompanied 
by Lnwrence L. Tomsyek of the Lincoln office, and when tliey arrived 
nt the location of the burials they joined representatives from a ntjm- 
ber of institutions in studying the finds. Absence of diagnostic arti¬ 
facts with the skeletons precluded any valid estimate of age or cul¬ 
tural affiliations, but nothing was noted that would confirm assertions 
wliich had been freely made that the bones were those of Paleo-lndians 
and had a Pleistocene dating. Ui>PH his return to Washington Dr. 
Wedel resumed hia regular duties at tlie D. S* National Museum. Ho 
was again detailed to the River Busin Surreys for tlie 1956 season 
and rtiportod at tlie Lincoln headquarters on dune 4. Ilifi suhsequent 
activities w'ere described in the preceding discussion of field parties in 
the Oahe area. 

Richard P. Wlieder, arclieologist, was in charge of a field party 
working m the Onhe Reservoir area from July 25 through October 29. 
During the remainder of the fiscal year he devoted hia time lo analyz¬ 
ing the materials obtained in the field and in working on a number 
of technical reports and short article. One articlej ^‘Recetit Archeo¬ 
logical Salvage Operations in the Missouri Basin/^ woa publiahed in 
the Missouri River Basin Progre^ Report, October-December, 1955, 
and anotlier, “^Quill Flatteneis^ or Pottery Modeling Toots,” was 
published in the Plains Ajithropologlsf, April 195G. Wheeler pre¬ 
sented a paper on liis work in the Oalio Dam area at the Plains Con¬ 
ference in November and participated In a niimber of discussions 
during the conference. He wji5 eU^twI chairman of the 14th Plains 
Conference which wiU he held m Liik-oTu in Noveinber 1950^ At the 
end of the fiscal year Mr. Wheeler was at tlm Lincoln headquaxtera 
working on reports. 
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Cocp^Tiitin^ —Several State and local institutions con¬ 

tinued to cooperate in ilie Inter-Agency Salvage Program throughout 
the year, althougli the shortage of funds for worlting agreements in 
projects outaide the Mt^uuri BaEin considerably reduced the activities. 
Several State groups carried on indapendeutly but their investigations 
vrere corrected with the general progi-am. Tlie New lork State 
Museum at Albany kept close check on projects in that State. The 
Dopartmeiit of Anthropology at the University of Michigan studied 
the posable ellect of projXKed enlargcmenEs of the Soutli Canal on 
St Marys River on ardieological manifestations in that cliMrlct. The 
University of Minnesota made proliininary inYestigationB I'elative to 
sites that may bo involved in the fleod-conti“ol program for the 
Mankato aim. The Plorjda State Museum cliecked several proposed 
canal routes in the novUiern part of Florida. The Ohio Stste Histor¬ 
ical and Archeological Society continued stvlvage work in several 
localities, and the Historical Society of Indiana included esamination 
of pi*oposed reservoir aretis in its geneial program for surveys in that 
State. The Univeraty of California Archeological Survey did some 
further work on projects for which it previoualy had agreements with 
the National Park Service, and the Archeological Survey Association 
of Southern Cali ferula continued its volunteer efForts in the vicinity 
of San Diego. In the Columbia Basin the University of Oregon did 
additional digging at sites on the Oregon side of the Columbia River 
at the Dalles Reservoir^ wJiile the University of Washington continued 
its mvstigatioiLs on Uie WuflliingEon ^de. 

The only work done under an agreement with the National Park 
Service, except for tiiat previously described for the ilissouii Basin, 
was that of the Univeraity of Misssouri in the Table Bock Reservoir 
on the White Eiver in southern Mi^uri. A special appropriation 
for that project for the year made imasihle an extensive smes 
of Luvestigatiojig under the dii'ection of Dr. Carl H. Chapman. Sites 
in Uie Table Rock area are exceptionally numerous aud represent a 
variety of ciilLure±j. Considerable progress was made by Dr. Chapman 
and his parties during the year* 

ABCFTIVES 

The Bureau Archives ^onEinued during the year under the custody 
of Airs, Marg^iret C. Blfiken From June 4 to 6 Mrs, Bluker attended 
die Special Libraries Association Coiivention in Pittsburgh, Pa., 
where copyright problems and tlie preservation, microfilming, catalog¬ 
ing, and arranging of photograpliic and manuscript collections were 
discusseil. 

MATCUSCBITT COIXeCTEONA 

The manuscript collections continue to be utilized by students. 
Visitors consulted about S64 manuscripts, mid reppoductious of TO 
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manuscripts were mailed out In addition, S9 mail inquitiee con¬ 
cerning mMiuscripts were reoeiTed and more than 200 maniiacripts 
wore consulted by the archivt^ in preparing replies. 

While examining them manuscripts^ 93 of them were analysed and 
more fully de^rihEMl in nntietpation of piibllslting a manuscript 
Giitalog* Several descriptiTe lists of manuscripts relating to specific 
subjects or tribes were prepared for distribution. 

Additions to the collections included a manuscript translation of 
the Book of Genesis into Choctaw bj Rev. Cyrus Bjiugton, dated 
18 € 2 . This transltttton was received, from Mjss Marcia Walton of 
New York City. Accompanying the gift were a number of photo¬ 
graphs and news dippings relating to the Reveiend Byington^s work; 
some of these arc for permanent depoaity while others have been lent 
for copying only. 

Just at the years end, I>r. Philip Drucker^a field notd>oots and 
unpublished manuscripts for the period 1937-55 were accessioded and 
sorted. They cover etlvnological and archeological work in Alaska, 
the Northwest coitst, Califoruia^ Mcso-Amcricfly and Micronesia. They 
occupy about 20 mamiscript boxes. 

PaOtlTCR^PaiC COLLECTIONS 

A sustained interest in pictorial data relating to the American 
Indian lias been shown by authors, publishers, students, and others 
wlio have continued to draw heavily on the Bureau’s photographic 
rollcctionsL Thera were 294 inquiries and purchase orders for photo¬ 
graphs, and 978 prints were distributed, Tn response to public inquiry, 
the archivist prepared numerona lists that described photograplis 
availnbla for specific subjects or tribes. 

Public interest has also been demonstrated by the contribution of 
additional Indian photographs to the Bureau’s collections. 

Frank B. Shuler of Hamilton, Ohio, lent a group of 29 photographs 
of Kiowa, Comanche, Caddo, Wichita, and Sioux Indiana. These 
photographs were made about 1900. Copy negatives of 17 of these 
were made for Bureau files. 

Through the courtesy of Ikir. and Mrs. Hugh N. Davis, Jr., of 
Miami, Fla., the Bureau received 295 photographic prints of Seminole, 
Cheyenne, and Alaskan Indians photographed during the years 1905- 
52 by Deaconess Harriet Bedell, a misaionary now residing in 
Everglades City, Fla. Mr. and Mrs. Davis contributeil tlieir services 
in tnaking enlarged S-x-]0" prints from enapshot negatives lent 
to them by Deaconess BedeE; the cost of the materials used was home 
by the Bureau. 

Later in the year a collection of 450 neg^iUves of Seminole 

Indians, made principally by Stanley Hanson in the period 1027-31, 
was lent to the Bureau by Robert Mitchell of Orlando, Fla., through 
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Gene Stirling of Venice, Fla. Copy negatives of some 260 of these 
'ffera made. Enlargementa of the remainder are being printed, the 
work being about half completed at year’s end. 

ILLUSTRATIONS 

Illuatrativa work for the Bnrena of American Ethnology and Hie 
River Rasin Surveys consumed the major portion of the ilhistratoria 
time for the year. This included a great variety of work on charts, 
graphs, maps, diagrams, photograph retouching, and other illustra¬ 
tions for the Bureau and River Basin Surveys publications. 

Tliere were also charts, graphs, mechanical renderings, and illnstra- 
tions on a variety of other subjects prepared for other Smithson!an 
depart ments. 

EDITOSIAL WORK AND PUBLICATIONS 
Tlicrc were issued 1 Annual Report and I Bulletin, as follows: 

Sevtoty-fnecotid JUdhiuiI Report of Bureau of Amteflcaii Etlmolo^j, I0i54r-1955, 
ii + 21 PPL 1950- 

Balti-tlii IBS. Th& Dlnd: Odglfi myth.s of tbe KavflHo IndlauSi, by AUeen OT^ryoa. 
v\n + ISS pp.. 1 pU 23 

Tlie follows tig publicatioits in pj'eas Jil tho dose of tU6 fiscal 
year: 

BoUefIn 101. Bemtnolo maste, bf Frances DmwTnore. 

Eullotln 162, Gu&yml graminar, by Efihmlm 3, Alplionse. 

Bdlletlt] 104. Antbropolodcftl Papers Noa. 4&-M. 

No. 4flr The OrmoDil Beach «aet ccntml Florlfla^ by Jo^so D. 

JiraulD^ Gordon E. WIDgjTt and Monfball T. Newman. 

No, EWt. Hair pipes in Pin [ns Indinu adormnontp a atndy In Indian and 
Wlilte IngPouEty^ by Icibn 0. EwarsL 

No. 51- Observe tlona on BOine ntaetoeotinMintiiry perftery vessel* frenn the 
Upper MSssonrE, by Waldo IL WedeL 

No, 52. EeroliiatJon of the Easlorn f^lonan pfotdcm, wlUi particular em^ 
pbasLa on the VJr^La brancbes^lhe QocnaBerbt, the Ba]>onl, and the 
Tutelo, by Carl F. 11 Eller. 

No. E3. ArcSietdoftlMl rocioimali^ace of Tabasco and Catnt^eebe, by Mat- 
thaw W, StErUn^. 

No. i54. VulladolEd Maya enmneratJon^^ by John P. 

Na. 55, Letters to Jaeb Wilson, the Palate Prophet, written betweeb ItMlS 
and 101 It edited by Grave M. Dan^berfc, 

No. 58. Factlunallara at Taow Pueblo, New Me^iefip by WIUlfliB R Fen tom 
Enlletlii lOfip Music of Aeoma, lalelAt OochltJ, and Zufll PnebloSp by E'rancea 
DouEinore. 

Bdlletln 185. Klrar Bastn Bisrveya Paperap No. H- Eaeavatlfma tn the ^IcNary 
ResetTplr Baaln near UraaUliai Oregoa, by Uouisiaa Osboroo- 
Bnlletln IGT. Arvbeolfifllcal invcBtlgatlana at the moutb of the AmaEo^^ hy Betty 
J, Meg^rs and Clifford Erana 

Allar^lbiaeona pubtiratioaa. Lint of pnbllcntlona of the Bureau of Amerifnn 
Bthaolo^, with index to aulbors and tltlos. Uerlaed to Jane 50, 1058. 
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Publications distributed totaled 17,018 as compared 'with 24,533 for 
the dscal year 1055. 

COLLECTIONS 

Acs, W<h 

208851. 4 BpocfmeiiA of blrdi \mik bearing pictnerapha IncEsed ana etched hy the 
P amuiTiftnq iirKldy IndlnuB of MohlC th-e AbELEti of New BriUlSiwlclt. 
2OO[)04;^, vlala and 30 eaTetopea uf LoseetS from ScathhiuptiJn and Walrua 
Island^ 300 plEntftf molluakflt fassllQp leriirtilngB^ OJid 3S iiLiLEDiniil.6^ 
collected by Hehry E. CoUIiul 

rpqif ETYTA OA&m Sim^XYE 

2D75SJI5, Arcbeeloilcal inatcrbil conslflttcg of poEterji gtoue, boi(ie+ filasHf and 
metal objetta collected by rccDnn&lasfliice jiortles of the Blisaoorl 
Bfista Project In and abont IG lewetpolr arcM In Neliroflka, and hii msn 
akeletol material from 4 aitea 
20TES9CI Arebeulogltal specimen^ from North Dakota. 

308180. 1411 f^e^ 5 h-wate^ MoUnsks from Kebroflkn and Wyoming, collected by 
Carl F. Miller. 

209283. Art.'beoloelcnl apcdiDena cobtflattiiig of pottery, atoue, beme^ gla^s, and 
metal ohjects t-oUected by partfea of the Ml^arl Baflia Project, In 
and nhoiit two sites In area of Fort SiuidaU RascrvolrT Charles Mli 
County, S- Daki, and homan ekaletal material from SOCHT, 

200G9<L Archeoloelciil material ciJnalatlng of rim and body sberda from Olay 
Comity, Eana 

Archeologk-al matorlal cansLgttng uf pottery^ Etone, hone^ and shell ob- 
Jecta coQected by retronnalaHance parties of th* lllsaoiiri BobId Pnofect, 
fitKn two moimd alteii In Sonth Hakota, human skeletal 

materiAL 

SOOOfta. Shell beads collected hy recoanaLsisaiice parties of tlie Miasourl Basin 
Project from site in Stanley Ccanty, S, Dah.* human skeletal 
material. 

210406. Atidicologlcal and boman skeletal material from site la Port BandaU 
Eei^rvnlr, 8. Dak. 

MISCELLANEOUS 

Dr, John K, S^ajiton, Dr* Frances Densmore, Dr. Antonio J. 
Waring, Jr^ and Ralph S- Solecki continued as collaborators of thfl 
Bureau of American Ethnology. Dr. John P. Harrington is continu¬ 
ing hia research^ with the Bureau as research associate. Dr. William 
C. SturteTont, ethnologist, joined tho staff of the Bureau on March 
2&, 1956, 

Information was furnishod during tlie past year by staff members in 
reply to numerous inquiries concerning the American Indians—past 
and present^-of both continents Many new descriptive Hats and in¬ 
formation leaflets 'were prepared in answer to requests for information 
on the Bureau's photographic and manuscript collections and other 
subjects. There continned to be a constant demand for information, 
published material, and photographs from teachers, particularly of 
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primary and secondary grades, from Scout organizatioDs, and from 
iho general public. Material for use in writing term papers waa in 
frequent demand by high^bool students wlio show an increasing 
interest in this popular subject. On several occasions publishers con¬ 
sulted various staS members regarding ethnological and archeological 
problems^ and the archivist regarding unpublished manuscripts and the 
photograph collections. Specimens sent to the Bureau were identified 
and data on them f urnMed for their O'lvnets. 

Respectfully submitted. 

M. W* SmtLEXflj Director- 

Dr. Leonard CArtmcHAZL^ 

SecretajTf^ Snuthsonian ImtMluUon^ 


Report on the Astrophysical Observatory 

SiJiJ I have the honor to submit the folloi^ing report on the oper¬ 
ations of the Astropliyaical Observatory for tlie liscal year ended 
June 30, 1956: 

Tlie Aitrophyakal Ob9en?Evtory includes two research divigionat 
the Division of Astrophysteal Hc&earcti, for the atiuly of solar and 
other sources of ener^ impinging on the earth, and the Division of 
Radiation and Organisms, for investigations dealing Tvith radiation 
as it bears directly or indirectly upon biological problems. Three 
shops—for metalwork, woodwork, and optical electronic work—ai'e 
maintained in Washington to prepare special equipment for hotli 
dmalons, and a field station for solar observation is located at Table 
Mountain, Calif. 

DIVISION OF ASTROPHYSrCAL RESEARCH 

At tlie bcginnirig of the year, the scientific lieadquarters of 
tlie Division of Astrophysical Research were moved from Washing¬ 
ton to Cambridge, Mass. In this new location, a close liaison with 
Harvard University is expected to add to the research effectiveness 
in astrophysics for the Smithsonian Institution. With this transfer 
and the development of a working association with Harvard College 
Observatory, a reevaluation of the basic scientific policies and goals 
of the Astrophysieal Observatory was undertaken. Because of the 
present-day rapid progi^ess in the physical sciences, the understand¬ 
ing of the fundamental astrophysieal processes of the sun, earth, 
planets, and interiilanetary medium has grown at an ever-inerBasing 
rate. In addition, our nmshrooming t^hnology has become moro 
and more sensitive to phenomena of the solar system which were once 
considered as of only academic interest* The Astrophysieal Observa¬ 
tory's long tradition of active research in solar and terrestrial phe¬ 
nomena and their interrelationships has laid a firm foundation upon 
which will be based new research objectives indtiding, besides solar 
radiation, other phenomena of the solar system which also affect ths 
earth and its atmosphere. Energy sources other than the sun have 
a profound effect on our atmosphere, on geophysical phenomena, and 
on practical technological aspects of radio communication, the guid¬ 
ance of missiles, and other practical considerations. Among the 
sources of energy are corpuscular radiation from the eun, meteors, 
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cosmic rays, interplaiietary gsSj and radiation fcoin witliout the solar 
system. 

This broadened research program of the Astrophysical Ohserva- 
tory EOTr embraces not only research in ^lar activity and its effects 
upon the earth, but also meteoritic studies and studies of the higher 
atmosphere. New methods of research, as they develop, wiH be in- 
duded in the program. For example, radioactivity and nuclear 
processes will be utilized in the study of meteorites. Theoretical 
research and magnetohydrodynamica will increase our undersitfinding 
of bow solar variatious mid activity occur and how the energ}^ from 
tliese activities affect the cartli’s magnetic field, produce air night 
glow, the aurora borealis, and other phenomena of a geophysica] 
character. 

The new Satellite Program of the International Geophysical Year, 
Sponsored by the National Academy of Sciences and the National 
Science Foundation, and in which the Astrophysical Ob^en^atory 
has a very important part, promises a new and startling tool of re¬ 
markable power in the study of solar-^tem and geophysical phe¬ 
nomena. S[ich technological tools as may be developed will be in¬ 
corporated in the working potential of the AstTophysicnl Observa- 
tory. A rcstudy of plana and methods was an important first step. 

iVark on radmtwn.—A^ reported last year, the quality of the 
skies at the Ifonteauma station in {^ile deteriorated to an intolerable 
degree because of smoke introduced by smelting operatlotus at nearby 
copper mines. Consequently, tlie station was closed September 22, 
1055. The scientific and new transportation eiiuipntcnt was moved 
to Tables Mountain in southern California. By the middle of winter 
the three observers at tliat statioiL, F, A. Greeley, A. G, Frodand, and 
Stanley Aldrich, eirtendc^l the observational program to include simul¬ 
taneous observations of the sun from two similar arrays of radiation- 
measuring equipTuent. In this fashion it will now be possible to check 
the influence of instrumental variations upon the lucasurements of 
solar radiation and atmospheric opacity* 

However, the Table Mountain skies are also beginning to show 
progressive deterioration from the smog from the TjOS Angeles urban 
area. So- far this has not been too disadvantageous, but probably the 
transparency loss will eventually nece^itafe the acquisition of a now 
observing station for solar radiation* Serious searches for a site 
with clear skies have been conducted in recent years, but the time is 
approaching when a conclnsive investigation must be made of the 
usable high-altitude locations that offer tha necessary atmospheric 
qualifications for precise solar measuremeuts. It Is possible that tJie 
use of Batdlitfl vehicles for carrymg inelrumente to measure solar radi¬ 
ation will eventually obviate the need for ground stations by elim- 
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inating the errota arising from atmoaplieric opacity. On the other 
ImndT the measurements ot atmoapherk opacity in the obserring pro- 
gi-aru of the Astrophysical Obasrvittory have become of inereasing in- 
tereiit to meteorologists and geophyeiciets in recent years, Records 
from Table Mountain show clearJj the mcr^osed opacity of the atmos¬ 
phere arising from the AJaskan volcano in 1U53. Howeverj they show 
no effect of uitreased opacity arising from the csploaions of nuclear 
or thermal nuclear bombs. 

Meteoritic studies have been a part of the 
Smithsonian Institution's scientihe research program for the past 80 
yearSp The InstUution’fl meteorite oollection, -which has been, de¬ 
veloped through these decades of exploration and sfcndy^ is one of the 
most outstanding in the w*orld. In cooperation with meteorite spe^ 
cialiats in the department of geology of the United States National 
Museum, E* P, Henderson and Uie late Br. W, F* Foahog, a freshly 
oriented plan of meteoritic research b»i3 been eiplored. This new 
program has been placed under the supervision of Dr. John S* Kino- 
hart for the purpose of ascertaining the answers to numerous questions 
concerning astrophysical dynamicSp As a result^ the following aspects 
of the problem are now in course of consideration: Post and current 
research i>ertahung to the nature and distribution of meteorite debris 
and micrometeorites' the nature of meteorite craters; extorior and 
terminal ballistics and other phenomena that relate to meteoriiic im¬ 
pact against the earth; and tlia extraterrestrial life of meteorites* All 
these studies are directed toward answering astrophysical rather than 
speciSc geologic questions. 

Under the aj^nsorship of the Uniteii States Air Force, the Astro- 
physical Observatory has initiated a prograui whose objeef iva is to 
develop a better understanding of the processes that cause ablation as 
meteorites hurtla thi'ough the atmosphere. Effort til us far has boon 
confined (1) to I'enewed search of museum oollcctiona for spedmens 
that exliibit ablation, and (2) to a metallurgical examination of me¬ 
teorites that ehow heat alteration effects caused by their passage 
through the atmosphere. 

In June 1956, Dr. J. S* Kinehart^ Nicholas Mataks, R* OT^eil, and 
E, Olson journeyed to the meteorite crater near Winslow, Ari^n, in 
order to investigate, by systemfitic sampling, miniscule spherules, 
globules, and pieces of meteoritic matter in the soil around tlie crater. 
The search will extend over an area of more than 100 square miles. 
Magnetic means are being used to extract meteoritic material from 
BoH samples. Initial effort is being directed toward tlie developnient 
of sampling teehniquea and the identification of matcriEd* The results 
of the first survey will be used as the basis for furtlier and more ex- 
tonsivo exploration of the Arizona crater and other terrestria] me- 
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teorite cratei's. A long-term objectiye of the program ig to aiTiTe 
at a better estimate of the rate of accretion of meteoritic material 
by the earth. 

Design and Gonatructlon of a fliiorescsont X-ray micronanaly^bave 
likewl 5 je been initiated and are now well under way^ l^Tien completed 
this instrument can be used to determine within a microscopic (5- 
micron) nrea the concentration md distribution of the various cliemi- 
cEil elements w Stliin a meteorite, without destruction of the sample. 
The method wnll be applied first to tlio dfetermination of nickel-iron 
poi'centagea in meteorites that have Widmanstaetten figures. A 
knowledge of the distribiitjoa of nickel will be of considerable cos* 
mological significance as related to tlie origin of met^rites* 

SitteUite Traching Pr^^grain. —Tlio United States National Com¬ 
mittee of the International Geophysical Tear under tlia National 
Academy of Scienceg and through the National Science Foundation 
has assigned to the Smithsonian Institution the rcspotisibilifcy, and 
also a grant of funds^ for initialing aJid executing an optical research 
program involving the tracking of the planned artiiieial earth^s satel- 
lito* Dr, J. Allen Hjnet has joined the project as iissociate director 
in charge of tlie Optical Observing Program and will join the perma¬ 
nent Smitlisosihm stall in July 1056. 

The Satellite Tracking Program consists of two distinct parts: the 
viaufll seai'ch and tracking program^ of low-order accuracy, atul the 
photographic tracking progimni, of extremely tngh precisioiL The 
tw'Q have a common denamiiiator in the needs for a cornmiuiication 
system and a central computing bureau to provide ephemeridcs and 
for the later analysis of scientific results attained from the tracking 
of the satellites^ 

Tim precision optical pi^gram will be carried out by means of 
special Schmidt cameras of aperture 20 inches, mirrors of aperture 
30 inches, and focal length of 20 inches^ for which a newly developed 
optical system ia ijeing designed by Dn Jann^ G^i Baker. A unique 
drive system for these cameras is being desigriEd by Joseph Nunn 
and associates to make posssible the photography of a 15-indi sphere 
at a distance of a thousand miles and a S-foot sphere at the moou^s 
distance during hours of deep twilight or darknt^ when the satellite 
is illunduated by the sun. A tracking accuracy of some 2 seconds of 
arc normal to the path of the satellite on the gky and some 6 to 10 
seconds along the direction of motion with a time precision of one- 
thousandth of a second is anticiiml^d in the operation of these cameras. 

A number of observing stations, possibly 12^ Each of which will 
include one of these cameras and a precise crystitl-clock system, will 
be established at intervals around the globe. Ohservationg of artificial 
earth satellites from such a system of stetiong, combined with an 
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Accurate computing system, sliotild mate possible the calculation of 
the position of the Batellite at any moment and the relative po&ition 
of the stations in respect to each other and to tlie center of the cartli 
witli a precision of some 30 feet. Not only is sudi precision tracking 
essential to the general scientific valne of the Artificial Satellite Pro¬ 
gram, bnt it will lead specifically to precise determination of the 
atmospheric density and pitisflure as a function of height to an altitude 
of soma 300 to 5(X> miles above the earth^s surface. It will provide 
a precise interconnection among (he geodetic netirorks of the conti¬ 
nent and islands, the inclination of these networks with respect to 
the true geoid, tha shape of the earth, certain gravimetric data cx>n- 
eeming tlic distribution of mass in the earth, and other geophysical 
information of great significance. 

The visual tracking program will have two aspects; (1) Acquisition 
of a satellite in case the electronic tracking equipment contained in 
the satellite should foil, as well as possible tracking near tlie end of 
a satellite's lifetime as it plummets through the lower atmosphere; and 
(S) a broad contribution to general interest in scientific research by 
young potential scienti^ as well as the general public* Tlie visual 
observatioTis will bo carried out by a large number of nonprofesaional 
observers under the general direction of Dr. Arnmnd 5?. Spits. It is 
expected that between one and two thousand observers, usually amateur 
astronomersj will aedvaied in this program, but many times that 
number tvill follow the program in considerable detail and gain ecien- 
tific understanding and intereEt becanse of it. 

The argonization of the visnal observation part of tlie program 
is well under way, and the firiTt of a series of bulletins has liccn pre* 
pai'ed-and issued to more than 20,000 potential observers. 

The purffeipation of the Smithsonian Astrophysieal Observatory 
in the Artificial Satellite Progi’am follows two traditions that wo 
cherish in the Smithsonian Institution. IVe are participating as 
pioneers in the progress of ^^lence, comparable to Dr+ Laingley^s origi¬ 
nal research in tlie flight of heavier-tlian-air crafts We are also 
promoting international interest in tha Satellite Tracking Program 
which is in keeping with the worldwide pattern of contributions to 
knowledge by the Smithsonian Institution. 

DIVISION OF RADIATION AND ORGANISMS 
(Prepared by IL S. WmiRQWp Chiel of the 

The major activities of this division have been concerned with 
fundamental physiological and biochemical research on the role of 
light in regultiting growth in higher plants* Seed germination, seed¬ 
ling gi'owth, flowering, and the development of what is commonly 
referred to na a “normal plant” are controlled by light. Pigments 
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within t]ie or^nisni absorb the light and conTert it into chemical bond 
energy and thus initiate a chain of events that produce the observwl 
growth efTeetB. In mo^t inManceSj relatively little ligiit ia necessary* 
This is in contrast to the photosynthesis of suga^-a where very high 
intensities ai*!; required for optimal results. Tliero is a similar group 
of light-controlled reactions in animals which regulate many phases 
of reproductive behavior. Plans have been prepared for extending 
the findings and technics developed in the laboratories to this phase of 
animal physiology. 

The regulatory plant photochemical reactions may be divided into 
two generiLl groups: (1) Tliose controlled chiefly by red and far-red 
light; and (2) those controlletl principally by blue light. The 
respective pigment systems channel the energy into different biochemi¬ 
cal pathways and therefore induce entirely different physiological 
responses. 

PhcioTTiGrph^eTi ^^.—Included in the photochemical reactions 
initiated by red light are formative growth processes in seedlings, such 
as the ability to form normal leaves and the disappearance of the stem 
hook that often is present on germination. Any one of these responses, 
among many others, can bo used as qnantitativa blofiasays of the photo- 
reactionSv Tii tfiese laboratories we have developed a technic based on 
the rate of angular o|>enirLg of the C3cci3ed stem hook or arch that 
appears in seedlings of beans and other dicotyledonous plants that 
have been grown in complete darkness. If the hook portion of the 
stem is cut from Uic seedling and exposed to red liglit, and then 
returned to darkness, the hook wiQ o|>en in the following 20 hours to 
an angle that is proportional to the logaritiini of the incident i^d-light 
energy. Laist year it was determined Uiat the mo^fc effective region of 
the spectrum for producing this respond was In the red at G60 ru/i. 
If, after an exposure to red light, the hook is treated with far-rocl 
energy from 700 to 750 much of the effectiveness of the initial red 
treatment is inliihited or ^^reversed/* Dr, W, Klein, Dr. It. B. 
Witlirow, and V. Elstad have completed Ihe action Epectmm of tlvis 
far-red reversal phenomenom and have found that the maximum 
reversal occurs at 710 and 730 m/i, with a weak maximum at 610 m^. The 
reversal action has been detennined at 27 points, in the spectrum from 
365 to 800 m/i in the following incident energy series: 25,10,7.5, and 
5-0 milliioulea (mj). The percentage reversal is directly propor¬ 
tional to ttiG far-red incident energy, up to values of 10 mj which pro¬ 
duces about B5 percent reversal. This linear response is in contrast- 
to logarithmic function of the red-light induction reaction. 

P^totropiBm .—Another expre^on of photoreguJatory procesaes 
in plants ia bending toward a light source, or phototropism. Previ¬ 
ously, Dr. E, S- Johnston of this laboratory had found the action 
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epeetrum of this I'esponse in oat plants to biive two avEixiinii in Llie blue. 
Howev^rj because of poor resolution of tho reaction in this region^ 
subsequent disagreement has arisen and it bos not yet been clearly 
liStablislied; what pigiiicjiit absorbs the incident energy and initiates 
the response. There arc several bhie-absorbing pigment^ including 
the carotenoids and flavins, with absorj^tion characteristics that might 
qualify them ns candidates for the role of the pliotoactivated pigment. 
For example, beta-curotenc has absorption ijiaxiina in the blue at 
435 and 470 m/i and rihofiavin at 445 and 475 Both pigments are 
commonly found in plants* 

However, the flaiins and the carotenoids have very clear -cut spectral 
diilereuces in the near ultraviolet. Eiboflavin has a strong absor^ 
tion maxiinum at 370 but the carotenoidt» do not absorb in this 
region. Therefore, the effectiveness of varioua ultraviolet wave- 
Icugtha in promoting phototropic curvature might bo used as on 
indicator as to which of these two pigment typ«^ is involved. Wlien 
tho jugment system responsible is identified, it will be possible to 
resolve the initial steps of the chemical reactions leading to curvature. 

In order to establish the effectivenc^^s spectrum j a large-grating 
monochromator, for irradiation in the n-ear ultraviolet and visible, 
hafl been built in the Observatory shops. Calibration of the equiji- 
ment lias been completed and Walter Shropisliire has standard! ^d 
bioBSsay technics, tLsirig curvatures of the oat and barley coleoptilce 
to meusure the effectiveness si>ectrum. AlUiough positive phototropic 
curveturos have been obtained in the near ultraviolet in preliminary 
studies, a complete monochromatie analysis of the action spectnitn in 
the entire visible and near ultraviolet appears necessiary before the 
pimtorwjtivated pigment s^'^tem con be clearly identlBcdp 

PhQtcch 4 micaI synthesis of pl^nt pi^ms‘n(s-~TyT, J. Wolff and L. 
Price have found that the complete chlorophyll molecule is not formed 
immediately on irradiation of leaves of plants grown in the dark, aa 
heretofore postulated- Instead, protochlorophyll, the green pigment 
present in very low concentrations in leaves of dark-grown seedlings, 
is rapidly converted by light to clilorophyllide a. This pigment is 
subs^ucntlj'^ linked to the long chain alcohol, phytol, by the action of 
the enzyme chloropliyllase in a strictly nonphotochemical thermal re¬ 
action. Chlorophyllidr <1 and chlorophyll a have identical absorption 
spectra in the visible, but differ in chemical proiiertics. Protochloro- 
phyll has a different absorption spectrum from chlorophyllde i*, yet 
the two pigments have similar chemical propcrttcs. These facts indi¬ 
cate that what has been commonly termed ^^rotochlorophyll-^ is actu¬ 
ally protochlorophyll i dc- 

Modificati^ of X-rop d^rmuye hy i^isihh r^dmnt e^^ry]/,—ThB 
damaging effects of X-rays and other forms of ionizing radiation to liv- 
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i ng cells are due cliiefly to the breaking of the diromosomes and inter- 
fmnce with normal cell dirmoii. Young rapidly dividing cells are 
most susceptible to X-raj dsiinage and evidence tlirce typea of iibeixa- 
tions—dirontatid break, isochromatid break, and chromatid escliange. 
In the past year, Dr, C. C. Moh and Dr. It, B* IVi throw continued tlie 
study of the effect of iiifraided, far-red, and red radiant energy on the 
modification of chromosomal damage induced by X-rays, using root, 
tips of the horse bean, Vida faba^ m Ilie cliief experimental materiah 

Tt has been found that infrared, from 820 to l,'i50 causes no 
Bignificiint increase in X-ray damage to the chroniosomes. However, 
fax-red at 710 to mji did significantly increase the frequency of 
chromosomal aberrations induced by X-rays. Tlie tliree types of cliro- 
niosomal aberratioiis were not effect!^ wjually, however. Chromatid 
exchanges increased 100 percent; chromatid breaks^ 34 percent; iso- 
chromatid breaks were increased very little, if at all. Tlies© i^ults 
were substantiated with the pollen of the Tradescanlia flower where 
tlie chromosomes of the micTos]>ores show^ed similar results. 

WTien wavelengths froni 680 to 8^ (iuvolviiig red and fur-red 
radiant energy) wnte used, the ability of fnr-red to increase the X-ray 
damage was not secured. Tliua, apparently, when red and far-red 
are combined in proper proportions, the two regions nullify each other. 
Tills could explain tlie negative results obtained by sevemi workers 
who irradiated the biological material with filters that did not shari^ly 
absorb all the red* 

Bed radiant energy (wavelengths fiTim 6 tS 0 to 6S0 m/il| when used 
alone prior to X-irradiation, increased the yield of diromatid ex¬ 
changes significantly, but ehromatid and isochTomatid breaks were con¬ 
sistently decreased by 10 to 20 percent. This action of red radiant 
energy on X-ray-iudimed chromosomal breaks is not yet clear. It is 
suggested tlmt the red radiant energy might accelerate the rejoining 
process after the breakage occurs. 

PUaUCATlONS 

During the cnixent year tlie following publication concerned with 
the work of the Division of Astrophysical Research was issued by the 
Smithsonian Institution: 

L^aUln^ operations of the l^inithsoiiiDn AKEmuhrsical Ohta^riiitory, 1805 to 1055 , 

hr CL a AWMt. SmltbsonSou Mlsc. CoU.^ voL 131^ No. 1, Sept. 22, 105a, (PubL 

The following publications by Br. F. L, Wliipple appeared m var¬ 
ious other scieutific journals: 

On jnetwfS, Prot iVatron. rcclfle., roL 07^ pp, 30T-386, 1955. 
Photo;.Tai>liJc a.-C<mrlc^^nild Eneteora {wltU F, Vr\ Wright and L. G. Jacchla). 

AitroD. JGDnk.p toL, (n„ p. €1, 
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A rcisearcb pro^roiQ based od tha optical tracMn^ ol artUctal satelUtfin 

(witJi J. A. Hyn^kh PftK.% Ini3t. Radio Eng., voL 44^ pp. 760-704, 

On meteom find rainfall {wltt G. S, Hawkin.^). Jonrti, MatoaroL, toS. 13, K“o. 3, 

PPL 236-240, June lOCO. 

A new series, Smitltsonmn Contributions to AstroptyfiJes, lias been 
initiated to provida a proper outlet for the v^invch contributions of 
tha Snuthsoiiian j\3trophysical Observatory and to provide an addi¬ 
tional avenue of publication for a limited niuiibcr of contributions by 
other investigatoi's with interests in common with those of our ob- 
sermtory* These ooiitributions will contain research papers sp&cih' 
cally in astrophysics, with particular attention to problems of the sun, 
the earth, and the solar ^istem. 

The first number of the Sniithsonian Contributions to Astrophysics, 
in galley proof at the end of June, is entitled Horizons in 

Astronomy.” lb is a collection of scientific papers by loftdet^t in the 
various fields of astronomy who present their concepts of the re^?CArch 
pmhlenis tJtat should prove most important to the advancement of 
astronomy during tlio ne.vt decade or two. These papera are published 
with partial support by the National Science Fouudatiom An ^ hoc 
committee of tlie KationaJ Science Foundation^ on the “Needs of 
Astronomy,” has devoted its attention to methods of increasing the 
potential of astronomy^ One of the methods is the pubheation of the 
“New Horizons” series of papers* TJjere is hope that the Smithsonian 
Contributions to Ai^trophysica will serve to Further our underst^triding 
and app red lit ion of this part of the univerao m which we are privileged 
to live. 

OTHER ACTIVITIES 

During the course of the year, the Director attended and contributed 
to the following intcmational congresses: The International Feder¬ 
ation of Astronautics at Copenhagen, Denmark, in August 1955; a 
symposium on mdio astrononty at the Jodrell Bank Esperiiuental 
Station, Univeisity of Manchester, England, in August and the 
Congress of the International Astronomical Union held at Dublin^ 
Ireland, in early September 1955^ He was appointed Fr^ident of 
the Suheommission on Aleteoritics of tlic lAU commisBion No. £2. 

In national science and defense, the Director contributed by serving 
m the following capacities: Chairman of an ad hoc committee on 
“Needs of Astronomy” on the I^mel on Astronomy of l.he National 
Science Foimdatiou; clmirmati of a workmg group to set up a stand¬ 
ard atraa^phere for national and international use; as chairman of the 
Panel on lloeketry of the International Geophysical Year, U. S, 
Council of the National Academy of Sciences; member of the Tech¬ 
nical Panel on the Earth Satellite Program of the International 
Gteophyaical Year; member of tbe^ working group on the Tracking 
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of Artificial Eaith Satellites under the above pand; a^ociate editor 
of the Astronomical Journal; and member of the Panel of the Atmos- 
phere of the Scientific Advisory Board to the Air Force, 

Eespectfully submitted. 

L Wifippo;^ Director, 

Dr. Leonaed Cabmichazl, 

Secret^BT^^ Simthionian 


Report on the National Collection of 
Fine Arts 

Seh : I haTG the honor to submit the following report on the nativities 
of the National Collection of Fine Arts for the fiscal year ended June 
30,1956. 

SMITHSONIAN ART COMMISSION 

The 33d annual meeting of the Smithsonian Art Commission was 
held in the Eegents Boom of the SmHfeonian Building on Tuesday, 
December 5,1M5. Members present were: Patti Madship, chairman; 
Robert Woods Blifa, vice chairmim; John E. Graf, acting secretary; 
iFahn Nicholas Brown, Gilmore D. Clarke, David E. Finley, Lloyd 
Goodrich, Walker Haticock, Cliarles IL Si^wyer, Stow Wengenroth^ 
Archibald G. Wenley, Lawrence Grant White, Andrew Wyeth, and 
hfalionri Young. Thomas M. Beggs, Director, and Paul V* Gardner, 
curator of ceramics, National Collection of Fine Arts, were also 
presonL 

Dr. Finley, chairman, reported that the executive committee had 
met on November 18, 1955^ Tliose present werei Mr* Clarke, ID. 
Wenley, Mr, ManEhlp, Dr. Carmichael^ es officio, and Mr. Beggs. 
TariodS means of acquiring works by living artists were dii^ussed* 
Existing membership of the Commission was considered, and it was 
suggested that at its annual meeting the present imbalance between 
its three categories of membership (artists, experts, and men from 
civic life) be corrected by strengthening representation of pubbe in¬ 
terest. Acting as a nominating ooimnittee, at tlie request of Mr. 
Uanship, the executive committee s^iggestod a list of ofEcers and mem¬ 
bers for new terms. Following this report, the Commission voted to 
recommend to the Smithsonian Board of Begents the reelection of 
Lloyd Goodrich, Walker Hancock, Lawrence Grant White, and 
Bartlett H* Hayes, Jr*, for the usual 4-year period. 

The following officers were elected for the ensuing year; Paul 
ifanship, chairman; Bobert Woods Bliss, vice chairman; and Leonard 
Carmichael, secretary^ 

The followtdg were elected members of the executive committee for 
the ensuing year; David E. Finley, chairman; Robert Woods Bliss, 
Gilmore D, Clarke, and George Hewitt Myers* Paul Mai]d:Eip, ofl 
chairman of the Commission, and Leonard Canuichael, as secretary 
of the Commisdon, are ©x-officio menibers of the executive committee. 
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Mr. Beggs pointed out that gifts of valuable art objocta trill not be 
received until exhibition epftce of the National Collection of Fine Arts 
is noticeably increased^ He stated that since the National Gallery 
of Art now coUectH and superbly exhibits the art of the past, the 
proper function of the National Collection of Fine Arts should be the 
acquisition of meritorious examples of painting, sculpture, and design 
by living artists. The Banger Fund of the National Academy of 
Design establishes a pi-e^^edent for placing such works of art in other 
Institutions until re-calkd for u&e in the National Colle<>tion of Fine 
Avt^ Until a new Smithsonian Gallery of .^Vxt is built, therefore, 
accessions by gift, as well as by purchase, might be lent if donations 
were made with that understanding. Tiie advantage of purchase 
prize competitions was discussed, and possible circulation of Eelected 
Items from these bj the SinithsoTiian Traveling Exhibition Service 
was Jncutioned. The urgent need for space in a new building to house 
all those services was cited* 

Mr. Goodrich recalled that at the last annual meeting discussion 
concerning the Smithsonian Gallery of Art had not been completely 
resolved and presented a rosolutioti ’which was unanimously accepted 
as follows \ 

Wliereaj (lie CoDgtc£& of th^ Uni ted States approved a Joint n^solollon on 
Muy 17^ titled PcbUc UcSDlullon No. 9o, TStli Cciteress, protidlaj; tbat a 
Bultalile tract cf ptibllc land. Jn tbo DUtrIct of Colmabla between Faurth and 
Fourteent!) Streets and GoniEtttnfcion and indepen deace Avennea Bhonld be aa- 
Blgned oj a Bite for tbo Smltbsoalim Gallery of Art^ tliat appropriate Llcslgns 
for a building for Ihe Gallery sbonld be secured, tbe Bum nf $40,0£i0 beinp appro¬ 
priated for this parposo, and that the RegentB of Ibo SniEtlisoDlaa lastltntioa 
fbnuld be antlsorlzed to solicit and receive fends frtsm private Benreas to meet 
tlio coat of coastmctfoi] of sneU a bnUdln^, to porcUaso works of art^ conduct 
e^lbiilaiU:, and carry oa otlier related nctlvitlfifl; and t^hercos a competition 
for de£iju3a fi^r sneh a wftB held by tbe BmithBonEan Gallery of Art Com- 

mls^ion; therefore ho It 

tbat tlie Smltbaonlaa Art Gommlsalon strongly favorm tbe early 
CQnBtrqetSoa of sneb a building; [bat Ibe Couimiaalun believes that If tbls Is to 
be accomplisbed^ fandB must he appropriated by tba CougretiS lb additl^b to 
donations from private source; ami Uiat ibe CommlEsloD reqaests that tbe 
SetTCtary of the ^mlthaouina Institution transmit thiB resoluilon to tbe lieKeuta 
of tbc lusUtntlDQ and to other Interested persons. 

Mr. Brown proposed the following motion which was carried 
tmanimonsly: 

It Is moved that tha eieeotive committee be requested to tate under advise¬ 
ment tbe proemiu for the new building and, itt consultation wUb Ibe SecreUiry 
of tlie Smlthsonlaa Institution^ dehne tbe purposes and tbe scope of the mneb 
doiiflred new bnUdlng. 

TliB Cotiyiiiaaicin recommended ucc«ptiuicc of the folloiving objects: 

OSI, BroodliiK Bllencw, by JobQ F, CnrlaoD. N, A, Henry Wartl 

Ranger Bequ^L 
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Three tninlntureSp A G(oitlewoEq.«,p, Jjidj with iiine HaJr KlbhaUp iLQd I^dy 
with PfiiTJa 111 miir* hy HAtUe R Bcirdbtte (Gift of George h\ LlnkLiis. 

A Oer^JAU iuitlf)ue rjihlEiet and a coUectlou of 31 pieci^ of gltLgs, tooeUy Ger^ 
man imd BohemiJiii from the sixteenth to the niueteenth ccntorles. B^quost of 
Henry Osthoff^ 

Two awartl-witiniug pieces from the FUrh Interna Uoftftl Exhibition of Cerimlo 
Artf 1&M; sgraffito bowl^ by lt£?ger B, Coraaw, winner of the Enink A. Jeileff 
nwArd; imd: a green howl, by O^mthla Wilder Mott^ winner of the Pnptitar 
Ceramics Mnga^Liie award. Gift of the Kiln Clnb^ 

Tiireo bronze busts^ olFered by the scnlptors to tlie SmitbsonTEn In¬ 
stitution— jyv, Chfti'ltss Greeley Abbot, by AlidE K&atliery j T>n Albert 
Schweitzer, by Leo Oieme; and Daniel Carter lieardj by Niekolai 
V. DimitrJeff—were recommended for addition to the Smitlisonian 
collection, the latter two for transfer to tlie diTision of medicine and 
pnbKe liealth and the diirision of civil history, reapectiveljv 

THE OTtTEEINE WALDEN hfYER FUND 

Five niiniatm^fl, watei'color on ivory, were acquired from tlie fund 
eetablishfid tiiiYiugb the bequest of the Into Catherine Wald&n Myer, 
follows t 

leL Richard Tates £1132-1803), altribut^ t«> Joha HAmage £1749-1802). 

102. Mrs. nichard TateA (nee Cathertne Rrass) 117313-?attributed to John 
Homage. 

10a. IjHwreoee Edd Tates (brathcr of RicLard) (?-170ft)p by Walter Robert- 
sou, after Gilbert StuarL 

104 Mrs. Elttziibeth PoUuck Hrirtlgan, Attributed to Walter Eobertscih. 

Nos. lOl through 104 were aeqaliod from Capt. Edward K Lnllp Ui B. N, 
Norfoltp ViL 

lOu, Penjdmiu Slllimun (Harriet Trumbull) (?-1850), attribute to 

Henry Colton Sbumway (ie07-lflS4) i from Sp&ue^r B. McOuLlocb* Kirkwood, Mo. 

WITHDRAWAL BY OWNERS 

Twenty-t>yo bronzes, SO by Frederic Hemington, lent in 1S>4T, 
PaleoUtkic Wonmn, by Sally Janies Fambam, lent in 1047, and 
Destiny of the Red Jlan, by Adolph A* Weinnmn, lent in 1350, were 
witlidrnwn by the E, W. Norton Art Foimdation, Sht^veport, 
and taken to the Remington Art Memurial, Ogdensburg, N, T*, on 
December &, 1955. 

Five family poxtraitis, T^dy Standing by Tombstone (Henrietta 
Gordon), signed Martin, and lAicy Walters and the Duke of klon- 
mouth, said to be by Sir Peter Idjly, lent by the Bruce Corporation 
(Ltd.) of Kildary, Scotland, and Wilmington, Del., through Sir 
Charles Ross in 1920; Hon. Grizel Ros, said to be by William Hogarth, 
lent by Lady Rosa in 194U, and Charles 11, and Earl of Lauderdale, 
by UTideterinmed artiste, lent by her in 1351, were withdra wn by Lady 
Ross for shipment to Balnagown CaatJe, Ross^sliire, Scotland, on 
Februaiy 2S, 1950. 
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Pour hundred and sixtyon Chinese jade ornamenta, 111 Chinese 
snuff bottles, 15 Chinese mirrors, 1 plate, and 3 bowla, lent by Dr. 
Edwin Kirk in 1943 and 1944, were withdrawn by Mrs* Kirk on 
March 29, 195d. 

ART WORKS UENT 

The following art works, oil pain tings on c^vas unless otherwise 
noted, were lent for yaiying periods i 

To the United States DLstdet Coart for the DUtrict of Colnmtln^* Wa£liiii£toii, 
D. C: 

July —__Rrli-Midty Netehhorap by Alfrinl Uavrlaiid. 

Heasi of a Womun, hy Jeim GLifttftve Jccquot. 
Head nf a Wcmao^ by El£:^aa ^emL<&oWHkl. 
Qti^a nenrletta Alarlap Wife of Cliarlpja I, tn 
tlie mfiiUiur of AuUiony Yna Dyiik. 

iley £4,1950_-_FrtiDcla James Cblbl, by Usher. (Piaster 

baa^roUof,) 

Ajuerfcan liable, by usdeteriuiaed ^iiUiitoi:. 
(Plaster cast.) 

Ajadoims with Halo ef bj Emdetormiacd 

ardsL 

Novemberp by DwL^L W. Tryon. 

To Duvia Reia(?oner, as eiecntor of the estate of Abbott H. Thayer^ and Cbarles 
M. Plunhotp Wiishinj^loDr U. C.! 

Auguet Hi 1955^_* Two Hooded TiYatbleJn?, by Alibcitt H. Tbuyer. 

11 cardboard folders conOiinlDg pketrhe^ made 
by Alibott H, Tbayor durlog his study of Pr^^ 
teetiye Colorutloo la the Ajiiaml Klii^doiD. 
To the NaTal HEstorkal Funudalloat W^aaMngtoap D. Cf.: 

AiLgost 11* 1955^_«^___Portrait of Bt^pbea D«eatnrp by GUbeit Stuart* 

(Hetor]>ed Alsy 1* 1956.} 

To the DepartsueGt of rtefpjifia^ WaaMajjton* D. C.: 

AojniBt 2S, 19S5»_The ItiiLiidSr by W, Elmer Svhofleld. 

Tohickon, by Daniel Oarber. 

To the Mdaeum of the City of New York* New Yorkp N. Y.^ for a e^lbi- 

tion "Fonr Centuries of ItaUao Loduoaoe in New York” t 

September ISp 19^.__— The Street Sbrlne* by Jerome Atyen^ (Be^ 

tnracd January 120^ 

To The PennsyivHUla State Unh-^lty, University Park, Pa.^ for Its Centennial 
Exitibldon: 

geptember 2Ti 1955— —Cliffis of the Upper Colorado Hlvep, Wyoming 

Territor^r hy Themaa AforuiL (Returned 
XoTember lOp 1955.) 

To the Deparlineiit of Hicnltbp EdDcatJob* and WclfarOp Washiufrton* D. C,; 

October 4+1935--The Graod Canal, Veblce, by GabrUiL 

Figure Group, by (X Ijear. 

Dr. Oeurge Wnshlngton Carver* by Betsy Gmit® 
Heyaeam 

Bock Well BtufUap by Maeowln Tuttle. 
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Tft the D^artoienL of Justice, Wa^hliigton, D. 0.: 

NoveiQber 21, Mrs, Tarbell m n Girl, hj Rdmiuid 0. TarbeR. 

(FermlEB^OD panted by ^wiier, Mrs. Josephine 
T4rl>ell Ferrelh) 

November 2^ Geo, Albert J, Myc^ hy G. P- A. Healy. tR^ 

unroed Jonmirr 2=1, lC^30-y 

January 24,__ Mej. Gea, B. McClellaiit by JuHan ScotL 

Hon. Ohurles Erons Hughes^ by Harry I* Rmih 
(PhLBter has'rehef, brocjscd.) 

To the lateraatfonaJ Bastness MacUluee CoriBrotioo, New York, T., for 
casUog Jn broaxe: 

November 2 Sk _ Joaepb Honryi, by Herbert Adams. (PlAster 

baifL) (Retnmed Febtuttry JBi 

To Gte Smlthacmlflii TraviJlaf Hxblbltloa Servli^ei Washington, D. 0.^ to be 
LncLUiled In an exhibition 'TeimsyLTELnla Painters"! 

December 0^ 1&&5_ _ Cliffs ot the Upper Colorndn River, Wyoming 

Terrltoryi by Thomas Itoran. 

December 20, 1&55™-^_ Mary Abigail Willing CcftJ(% by Tbnmaa SiiUy. 

To tb 0 YLrginLa Mnscum of Fine Arts, Richmond, Ya.^ to be Inclnded Ln a wpednl 
evblbLtloii ^^Portrnlts of VlrgliilD'bora Preslilenia'^: 

January 17, _president John Tyler, liy G. P. A. H^ly, (Efi- 

Inrueil Febrniiry 15, IHiiO, J 

To the Federal Power CoamiLaslon, Washington, D. C. ; 

Febrnary ^ 1050™.,_John Brnrooghs, by WnJEer Eecll, 

SeptembfcT, by William A. ■GofRn. 

After a Storm^ AmsiganHett* by Arthur T. Hill, 
To the Alexandria AssociatlOitr Alexandria, Vo., lor an exRLblUen *‘Onr Town, 
IT^lseS": 

April 10, l»e0.„._ JVI bin lure, John Gadsby, by Renjamlii TroLt 

Miniature, MemlKer of the Washington Family, 
attributed to Jame^ Fcale. 

Miniature, John Parfco Custia, by Charles WiUsoo 
Poale. 

It [n1 a taro, Martha "Patty" CuatlB, by CbarlM 
WRIflon Feolc. iPermlaftion to lend the Cne- 
i\b minlntures was granted by the ownara) 
(Returned Moy 20, IMWlJ 
To the Derwirtmeut of State* WashlnEtob, D, G.; 

May 11, _Triptych, by Kano Tsunenobrt 

Scrull, Tiger and Cab, by Mr. Whang Jang Har, 

June 20, lOi®__ _ __ - Illadu Merehnnts, by Edwin Lord Weelts. 

To the Interatotfl Commerce Conimlsalon, Washington* D, G.: 

June 20, 105d_Mllle Wood Dark in n Forest Pool, by Abbott TL 

Thayer. 

June 2ft, 1^^^ _ Male Wood Duck, by Abbott H. Thayer* 

LOANS RETURNED 

Oi], Abraham Lincoln, by George IL Story, lent March 16,1955, to 
the Department of Justice, ivna returned November 22, 1955. 
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Oil, Andrew Jackson, by Enlpli E. Earl, lent September 20,1940, to 
the Department of State, was retumod Novcinher 30,1965, 

Oil, Gen. Dwight D, Eisenhower, by Capt. Sir Oswald Birley, lent 
June 29, 1955, to the Bureau of the Budget, wns returned November 
30,1965. 

Two oils, Charles G. Abbot, by Samantha L. Huntley, and Charles 
D. Walcott, by Hattie Burdette, lent April 17, 1953, to tlie National 
Academy of Sciences, were returned November 30, 1955. 

Oil, Samuel P. Langley, by Robert G. Hardie, lent May 1,1950, to 
the Langley Aeronautical Laboratory of tlie National Advisory Com¬ 
mittee for Aeronautics, Langley Field, Va., was returned December 
2, 1055. 

Oil, Man in White (Dr, Henry S. Drinker), by Cecilia Beaux, lent 
December 7,1954, to the Pennsylvania Academy of Fine Arts, Phila¬ 
delphia, Pa., was returned December 15,1955. 

Oil, Early Spring, by Alexander T. Van Laer, lent Novembeir 10, 
1958, to the Itepartment of State, wrts returned January 16,1956, 

Oil, Summer, by Charles H. Davis, lent September 17,1964, to The 
White House, was returned April 4,1066. 

Oil, Stephen Decatur, by Gilbert Stuart, lent August 11, 1955, to 
the Naval Historical Foundation, W'os returned Sl&y 1, 1956. 

SMITHSONIAN LENDING COLLECTION 

on. Grand Canyon, by Carl Oscar Burg (1879-1947), a gift of 
Airs. Martin O. Elmberg, was accepted December 6, 1965. 

Two hundred and seventeen uniramed oils, by Frank W. Stokes 
(185S-1955), to be known as the Arthur Curtis James and Robert 
Curtis Ogden Alemorial Collection, were added. One hundred and 
thirty-five were received July 19, 1954; 76 on April 5,1955; and 6 on 
May IS, 1955. 

The following iiaintings were lent for varying periods: 

To tbe Umted States District Coort for the District cf Colutiibla, Washington. 

D. C.; 

Jnl 7 S, 1956___Ulitiwtrte Drejrfas, by Alice FlUe Barney. 

r.ii Concord, hy Edwiia Srott. 

Place de la Concoril. No. 2, by Edwin Scott. 

Prjfte SL Martin, No, 1, by Edwin Scott, 

Bno dc Village, by Edwin Scott. 

Bue des Pyraiiildee, by Edwin Scott. 

Rue Son Jaegnes, hy Etlwia Scott 
Self Forirnit, by Edwin Scott 

Uoy 24, IBiSfl---Marine, by EtiwJn Scott 

Tbe Seine at Pnrle; by Edwtn Scott 




SECRETARY’S REPORT 


81 


To thB Departmeot of laliort WaaMogiDiip D. C.: 

Jclj 0p 1R55^__ A. P. B. In Painting by ARce POte Rnrney. 

Pone St BpnlSp by Edwin Scott. 

aomnolence* bj Edwin Scott 

Study of ^ted WtnBat^ by Alice Pike Barney. 

Mmc. I. D. liy Alice Pike Baroey. 

E, P. (E?aliDa Faltner^p by Alice Pike Barney. 
ItaUat Wommi and CMldp by Alice Pike Barney. 
Italian Woman at F<#ot of Stepsp by Edwin Scott 
La Aladeleloc, No. 1. by Edwin Scott, 

Xotro Dame In Winter^ by li;dwln Scott 
Old DwelUngp Farls^ by Edwin Scott 
St Germain des Prcfli No. 1. by Eklwfn Scott 
tTbe last nine were returned July 27,1B55.J 
To tbe B!c-Sclencea Informntloti Endumge^ Wa^blngteu, D. O.: 

July 26p 1055_^ Minnote and Mlnetp by Alice Pike Barney. 

Tbs Viflitor (Mrs. Ridiord P. McGnlla[i^l])p by 
Alice Pike BDLmey. 

Endymlon, by Alice Pike Barney^ 

The OlmplOp by Alice Pike Barney^ 

LUUo Girl, by Alice Pike Barney. 

Hall FeUow, WeU Met^ by Alice Pike Bamoy. 

NoTcniber 2^ _An (Mentalp by Alice Pike Barney. 

Footasyp by Alice Pike Barney 
Gladya, by AUca Pike Barney. 

DJppolyte Xbcnip by Alice Pike Ba mey. 

Laura In Hatp ProJlle, by Alice Pike Bamoj. 

Natalie In GreenB, by Alice Pike Bamey. 

Peggy, by Alice Pike Barney, 

Eomancep by AUco Pike Barttey+ 

To the Department of Heoithp Edneutloo, and WolfarCp Wasblnfdoi], D. 0,1 

October 4, isrji _Mit^keteer on Guard p by A. Armnatagta. 

St Germdln tlag PrcB, No. by Edwin SE^otL 
The Ball Temple Fostlvai, by Manrlce Steme, 

To the Department of luatlce, Wuabtnfiton^ D. C.: 

Kovomber 21p _Momitaln and Valley* by Jadieis lleary Moeer. 

Notf^ Dame in Winter, by Edwin Scott. 

La Madeleine* No, 1, by Edwin Scott 
Gburch of St Germain des Prcfl, by Edwin Scotr. 
Cbtirtb andLakBp by Henry Bacon- 
To the Federnl Power Coicniifialon, WaBhlai^lon, D, H: 

February 2Sp lb50_An EveninE Effect, Greealaafl, by Frank W. Stokea. 

To the Interstate Commerce Cfi^minlss[on, Waijhlagton* D. G.: 

June 20p 10136__ The Placid Potomac, by WllHam IL Holniee 

Greenland, by Frank Wp Stokes. 

AUCE PIKE BARNEY MEMORIAL FUND 

Additions to the pxincipal during the year atnounting tn 
have incraaECd tlie total inFostod sums in this fund to $36,42353. 
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THE HENRY WARD RANGER FUND 

No. 17G| On Strike^ by Robert A. Hitch {1&20- ), purcliaHid 

by the National Academy of Design Marcli 24,1954, was assigned by 
the Academy to the Hudson River Museum at Yonkers, Yonkers, 
N. on December 3, IDDS. 

According to a proviaion in the Ranger licquest that paintings pur^ 
chased by the Coancil of the National Academy of Design from the 
fund provided by the Henry Ward Ranger Bequest, and as.sjgned to 
American art institutions, may be claimed during the S-year period 
beginning 10 yenrs after the death of the artist represented, four 
paintings re-called for action of the Smithsonian Art Commission 
at its mectiog Docember 6,1&55+ 

Ko. 2Br SHebce, la^ Johu F, CaxlBaUp N. UaLed earlier In tliis reports 

waa acceptDd 1)y tbe SmlUmonJan Art Oonunlsainn to became a permaneat 

Na. 30, MldBummer, by Wlljiam S, Kobixieon, N. A. (lsei-104G)p as^lgtied in 
lOSO to the Geiirge Washln^iin UDirersltyr Wa^hlegtoD, D. <L 

No, 100, RbudDdenlruD, by H. Diidluy Mmrpbyp N. A (lS^Q7-i94G)p assEaGed 
In to Ube Unlrerany of Tulsa, Okla. 

No. lOr, The Dice Jar* by OaUeu Yate$* N\ A f3SOfl-1045b nsalBUBd in 19r4 
to tho Norfolk MnseniD of Arts and Seloui;i^, Norfolk, Va. 

Tlic Itist three paintings were returned to the institutions to which 
they had been assigned by the National Academy of Design, as 
indicated. 


SMnHSOMAN TRAVEUNC EXPUBmON SERVICE 

Seventy-two oxhibitions were circulated during the past season, 71 
In theDnitod States and 1 abroad, as follows t 

VNITEI) SUITES 
/'ainfinfrt and DraH?tny« 

Stmrcff 

American Indian PaS&Eln^.___FMllirortk Art Center, Tubu, OEUn. 

Atnerlcan NdLurol riilnEers,_,__ Qalerio Rt. Etleane and prirate twlJet> 

tlamu 

A G&otttry aad A Holf uf Painting GovmuDeiit of AfSentlJiaj Argeotlne 
In Arfientlna. Hiubassy; private cflllecilona. 

As I See Myfielf___---,— Junior Aria ona Actlrmoa; Oalerle 

Rt JUt^enna 

Aastrlan Drawing and Prints-AlbertlBa+ Vin-.nnu; Anstrian Embassy^ 

Paintings by Anstrlftti Ctlldreii^-Super] uteudem of Scbools la V^euoa; 

Austrlau Embassy. 

GaUfornJu PnintlDg^-- Mnnldpal Art CcDter. Lang Bweb, Calif, 

PalDtliifs Iv GeoT^v CatUu-SmlUisonlsn ItiBtltnGon, Departmont «f 

AntbropolOgy, 
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PAlntiUjBS fnam Foxty-ive 
Cono tries IV. 

OLHdrcm'B Poiadogs from Forty-flve , FimMBsy of DenniDrk; Frlcndslilp Among 
CouAtti^ V, ' ChJldicn and Youth Ofg^niK^doii. 

ObiEdren's Palnttoga tram Fiorly-fl?e i 
Conn tries VI, ' 

CbEldren'a PBlntlnsB froin Japan^^_ United Nations Ednoadonal, Sdenttflcr 

and Chiltnra] Or^anlzjitjoin 

EtUoplan PaLntiAea__ George Wnnhln^on UnSTersIty; Dr, 

Bruce Howe; E^bassr of £Uilopla« 

Watereolora and Drawings by Ga- Walters Art Gallery, Daltlaiorej Ra9en~ 
"fttroL wall] CoHectloa, National Gallery of 

Art, 


Gonnaii Drawings^— _ _ _ German Government ; German MusetunH 

and prErate eoll^tlona; German Em¬ 
bassy. 

Goya Branging? and Printa __ Prado and Galdlano Musenniap Madrid ; 

Spanish Embassy; RcEenwald Collect 
Uon, Nationfll GaBery of Art 

Italy _Mnnaon-WilllamB-Proctor InstitntOp Utl- 

ea ; dealers; museume ; artlslo^ 

lEtth Centnry Amerliiaui Palntlnga Maacitn Earullfc; Museum of Fine Arts; 
from the KarolOt Colleetion. Boston. 

RoAoBchkn'a ^Maglt Flnto"_ MlnneapoUn Institute of Arta; artist 

Pennsylvania Palntem__— Penney Iron la State Caivenrfty, State 

OoPoge; mtl^mn; private eollectlonn. 

Plant FortralLa__ University of Colorado Mnseunip Donlder, 

Work by Tltidy Fextattl (gmphlc Print Chib of Cleveland; Ctevtlaod 
work also). Musenm of Art; dcnlers; prlvato 

eolleetions. 

Watercolurs and Prints by Bedontd^ I.oxeEnboorg !3taie Mn^etimi private col- 

lections; Logntion of Lmembcurg;. 

Sargent Watercolora.^^^^ __i&fnAeunt of Fine ArtSy Boston. 

Seal Islands ____ _ Cleveland Museum of Natural History- 

Contemporary Swedish f^lnHogw _ NaGonal Mnsennu Stockholm; Swedish 

Embas^y^ 

Swedish (Ililldren^a I^Dtlngs_ - NqtloJ:iii1 Moaenm, Stoekbolin; Swedish 

Embassy, 

Painters of Venezneln__—- Ministry of fi>Iacatlon at Carncas ; Pan 

Amerlean Union. 

Watercolor Today__ __Thledo Museum of Art; dealem; arttst& 


GrapAio Ar^t 


Ameriran Oolor PrlntH _ __ 

Recent British Ulhogtaphs —- 

Chlldrea'a Plctnre Books It__—r^- 

Intemntionnl Chlldren’^s BookB^— 

Coatempcirfiry Japanese Prints — ^_ 


library of Coiigreea. 

BrltlEh Connell; BrStiRb EmbaE^y. 
Washington Post Children^a Book Fair. 
Washington Post (Jhlldrco'B Book Fair; 
Emha^lea, 

Art Institute of Ctilcaifo; Japanese ABao* 
elutton of Crentive PrlntmakersL 
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Japanese Woodcats™_United Niitiflna EdcaiUoimJ* SdeudRc 

and CuLltoral DTfaalzatiDfi. 

Soatlieni Collfoniia Serifirrapba___ _ Loa An^^es MoaGnia of Art; aitiata. 

TVoodcnta by Antonio Frn8TOiiL___«_ The Print Clnb of ClevelaEidj The Cleve¬ 
land Mnaeiun of Art: Wejhe Gallery; 
orUBt 

ArcAtfectKra 


t;cniteniiKiniry Finniah Ardilteeture— FLimigh-AinericflD Society; A£a>cLB.tIon of 

Ftntileb AtehitectB; PlnDieli EmlTasay* 

New Libraries-_____ _ __ __ Amorienn Institute of ArdiitKta. 

The He-Ujiion of Anrhitectnre and America a Inatitote of Architect^. 
Enfineerfm?. 

BoLldlng In the Netherlands_Bond of NetherlandB Architecta and 

Bouwcentrum; NetherlandB EmbBs^. 
San Fraotjsca Bay Be^on Archt- California Redwood Asaocintlonr North- 
tectura ern GaUfonLia Cbapter AmericaiL In- 

sGtnte of AreMtfictH. 




American Craftsmen H-- 

AmeHcfill Jewelry & Related Ob¬ 
jects L 

BrBzillaa Landscape Arehltectisre— 
Now Designs bj Roherto Burle 
Mart 

Contemporary European Tapwlry _ 


Dutch Arta and Crafts—_—.— 


Eui'opean Glasfl I>efllgn_.,^__. 
Fifty Years of Danish SUver— . 
Finniah Crofts --—^ 


Italian Aria and Grafts-——.-. 
New England Crafts__ 


Tapestries by Hannah Bjggon 


UnlTerslty of nilaols; Urbana; artints. 
Huntington Oalledea, Htmtln^uo, W* 
Va.; artLsts^ Biekok Company. 
Rrazlilnn Emhassy^ artist 


Coutampocery Arte AssoetaHcm. Hooston, 
Tex.; artists; private collections; inn- 
Eeuma 

Department of Edncotlont Arts and 
Seienc?GB In The Hague ; Netherlands 
Embassy. 

Georg Jensen, Ine.; dcBleners. 

Georg JeiLsen, t nc.; Danish Embaflay, 

WaorfeRil-Arabla and other Finnish 
Manafaeturera; Finnish-American So¬ 
ciety, Helsinki; Finnish Ihnbagsy; art- 
Iflta, Taplo Wirkkala and Rut Bryk. 

Compagola Nazionale Artlglana, Ronie; 
Bonnlers; AEtamlra; Italian Embassy. 

Worccater Art MnBeum ; Junior League of 
Worcester, Ine.; The Craft Center, 
Worcester, Msiis. 

Norwegian GoTemment; Embassy of Nor¬ 
way; Norwegian MnseiimB; private 
€N^lleetloiuL 


Ccrrimici 


Norwegian Cerarolgi.. 


—-Norwegian Emha^. 
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Orietitaf Art 

Goltl and Silver from tbe Dr^ Cftrl Rempe; of Sweden. 

Kempe CoUcctionH 

Chinese Iveri^ from the CoUectLoD Sir Vktor 
af S(r Victor Saasoam 

Folk Art 

Index 0t American Design, NatloDol Gal¬ 
lery of Art 

Eekimo Art, Inaj CauadUh Handlemfta 
Guhd. 

Nonreglmi ArtlaLs Guild] Embassy of 
Norway * 

Index uf Ameiieaii Pe^gn^ NaHonal 
Gallery of Art. 

GoL LeaUe Etisu'el!- 

PAofoi/rnpAjf 

AiLsel Adams Photxigmplis lB33—19Ei3_ ArUistl George ElH^ tmnn Houae^ lioeh^ 

ester. 

ATebJtectnral Photograpliy._^ American InsUtnte of Arcliitects; Arcbi- 

Cectiirai Pliotograpliers Associatlcin] 
George lilaEtmtin Hooscl 

Birds la C^lor, by Bdot Pnrter^..^ Artist ^ American Muneutn of Natural 

History, 

Bird^ of Argentina j by Salvador Artist; Win In ms EonndaGen; American 
Magno. Muaeoiu of Natural HJatary. 

This Is the Ameticao Earth___Ansel Adams; Nancy Newbail; NaUannl 

Park Service t California Academy nf 
Sciences; Mcrra Clnh. 

Venetian VUIag^_^printendensa al Monnmenti Medievall e 

Mudernl, Veoica; Dr. Mlcheiangelo 
Murarn; Italian Embassy. 

J'aiitaiip hy Werner Blschof—___ MngDnm Phatofl, InCi 

iffAnoio(7V 

Art and Mngie of Aniheni Land-— Smlthaonian InstitnUoDi Department of 

Anthroiwlogy, 

Cnri Bodmer Faints the Indian Karl Viktorp PrUm m Wied; German 
Fruntler. Embas^. 

ADiRnAb, Sr -rue UhlTsD ^tAttS 1NFDH1JAT1CS ACENdY 
FinaHcj fa Amar£e»i 

Theso displays were scheduled os an iutegral part of the programs 
of 132 muBOums and galleries, located in 39 SUtes, the District of 
Columbia, Hawaii, Canada, and Cuba> 


Americans^ _ 

Eskimo Art 1 
lilaktmo Art HI 
Norw^ian DecorntlTe Pain ting_^ 

Popular Art In the United StatGs__ 

Serimshaw’ Erhlbitlon.^ __ 
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AMKUAL EEPORT SiftTHSONIAN INBTITmON^ 1 


Twenty-seven oxhibitions arie in preparation ^ S^6 for drcnlation in 
tlie United States and 1 abroad^ (la follows; 

foa CIBCUIIATIQJC IS THE tJKlTED STATES 


American PrlntmiLkfirB. 

A Half Ceutary ol Arclxitociimil Edn- 
call OIL 

Ckiatemparary AzDGrlcaii CMasa. 
Amertciui and H/Clat-od Objects 

II {second fMlEtloDK 
Af^ntlLLC CMJdron as llliiatnitorsi 
Recent TVork hT Hflrrr Beftula+ 
Contemporary BrazjHaa PrliitB, 
Citiiadlau Ab^ract PolatlngH. 

PrlDts by Cbiaiywiwlti 
Contemporary Danlsb Archltecnire. 
Dutch Art, iBid-iene. 

Early Prlntd find Draivlusa ^ Call- 
fomla. 

GcrniHTi Arehltecture Todny. 


Gorman Art Booha. 

Ckratetnlfcomry German PrlntB. 

JapBn ll by (aecond editluti)i^ Werner 
Blf^eholL 

Japanese Woodcnta 11 I.aeeond edition), 
r^d^ape Archlteeture Today. 

A J. Miller Watercolora. 

Pereeptlona. 

Priiiia by Uonrl-Georeea Adnm and 
John Paul Jou^ 
aixiy SwedLsb Booksi 
BwedLsh Rock Carving 
Venetian VRlaa II {second edition). 

Tlio World of IMward Weaton, 

Fritz Winter and Hana Ufalmann. 


l^R CmuULAlJOS AERCPAh BT THE UHITEO STATES INTmUATJOK AOEHCY 
John Marin 


INFORMATION SERVTCie AND STAFF ALTIVITIES 

In addition to the many requests for information received by madl 
and tolepLone^ inquiries made in person at the office numbarnd 2,3dT, 
Examination was made of 598 worlds of art submitted for identification. 

An article, '"^Tlie GolcJen Inrush of Kri^stian Krekovic,” by Thonias 
IL lieggSj was published in the December 10S5 issue of tlie American 
Artist and reprinted (revised and tmnslated) in Culture Perooim, 
Janimi^iOSe* 

Special catalogs were published for the foUowing six exJiibitions: 
Italian Ails and Crafts: German Drawings i Hannah Kyggen; Con- 
teioporary Finnisli Architecture; Venetian Villas; and Fmiiish 
Crafts— Tapio Wirkkak and Itut Bryk. Tlie last five contained 
acknowledgments written by Mrs, Anneniarie IL Pope, chief of the 
Smitlisonian Traveling Exhibition Service. 

In recognition of the significant contribution Mra. Poi^e had made 
to the re^tablisliment of cultural relations between the United States 
and Germany, she was decorated with the Order of Merit of the Fed¬ 
eral Republic of Germany by German Amba^jaudor Heinz L. Krekeler 
on April 2&I lt)56, 

Mr. Beggs discussed the problem of a college museum for classical 
antiquities at Howard University on December 13, 1955. He was 
also a speaker at the biennial art banquet of the National Tjcague of 
American Pen Women on April 8, 1056, at the Sheraton-Park Hotel. 
He served as a judge for four exhibitions in the Washington area. 
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Puul Tickfirsf Gurdnerj cui's^tor of cfiramic^i att 4 ^ndcd the Wedgivood 
In tenia tioiud Scjniiiar in Pliikdelphia on Apri] 12 and 13, 1956, juid 
VVE15 moderator of a panel “The Editors Di^uss Di-sign^' at the con¬ 
vention of tiie American Ceiatnic Society held in Now York City 
April 23 through 25,1956. 

Howland Lyon, exhibits preparator, ser^'ed on the juries of live 
local cxliibitions and one at La Plata, lld+ He exhibited sculpturej 
printa, and designs at the Silver Spring Art Gallery, Woodward and 
Ijothrop, the Artists Guild of Washington, and the Society of Wash¬ 
ington Ih'iiitinakers. 

The canvases of 14 paintings were cleaned aod vai'niahed, and 33 
fi-ames were renovated- Under special contract, Glenn J. Ifartin 
cleaned and restored 16 paintings. Nine paintings by George Catlin 
were xvtouched and rovarnished for the United States National Mu¬ 
seum, and one was rcliiied, cleaned, restretched^ and retouched- 

Mrs, Pope gave a talk, illustrated witslides ahuwjjig various phases 
of the work involved in prepai*iiig exhibitions for travel, to the Cul¬ 
tural Attaelics Luncheon nt tJie Dupont Plaza Hotel on October 17, 
1955, and attended meetings of the Southeastern Museums Dinars' 
Council at Clmttanoogn, Term,, and Southeastern Museum Officials in 
Nashville, October 16-15, 1955, and also the annual convention of the 
American .\sBociation of ilusoiuns in Cincinnati, Ohio, ilitj 215-TFnne 
1,1956* 

SPECIAL EXHIBITIONS 

Thirteen si>ecial exhibitions were held during the yeari 

Juijf 19 thrmffh Auffui^t 'TalntSngs of pem. Past and PresonL," hj 

Kristian KEefeoTlc, held under the s[nansflrt-li(a i>f His ExcieUencr. the AmhaH^Uor 
of Peru, Sr. Ikio Fertm&ilu BerckempjcTp cousietJaa 6L pnlntlngs, A cata¬ 
log TTQri prftited with rrlTatc fnnds. 

I lhrous?h Sj, Jfloj.—The Fifth lilshlbman at Cemralc Art, si^yn- 
somi by ttie Kiln CiUh of Washi 05 ^: 00 + D. of ITT places (71 by local 

eeraiok" artleta, m by Invited Aiuerfiruq artiste, and 37 hy artists of Tariotis 
□iUiciDB tbrou^di their mspeetk e em hassles or Legatiou^i ta Wasliiiigton)^ Delii- 
onjtmtffW ijh the potter's wheel were given daily. A catalgrii was privately 
printed. 

Oclobcr^4, thmu&h January 19*7(1.—Xn eshibition of “Ceramics of the 
Worldp" Jn celebration of the tenth nnnJversary uf the establishment til the 
United Xqtioii^ was shewn in the lobby ef the Natural History Battdin;^. It 
iaelthled 71 ohjeetn from 43 nath^t3a and was assemblefl from artEcles bi the 
Hlvtalon of FthDolo^y dflthjg from nhoat 1.*^ to the present. 

ml/er St? tJlrpwj?* /JtxrMi&pr ts, —An ovbUiltlon of ESO watercoinrs 

ci£ "Piant Portraits," by Ida Hryheety Peniborton (JSiOO-llKil)p Lnaufumtlnj^ the 
tour echeduterj by the Bmlthnonlan Traveling E::rhibJtloD S^rvlt-e. A catalog 
was privately prLntod. 

■Tafiu'rnr ihraHtjh Fvbnifir^if S, —An exhibition of the R^jCEety of Wash¬ 

ington Prlntmokorsp conststlng of 137 prints. A catalog was privately printed. 

^uniiarff lArowjirA F^hruarif A Smithsonian TastJtutlon Travetlog 

-T 
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EAMbltloD of 44 wateri^lore aa^ prLata^ by Pierre JoEoph Redotlt£ (175O-lB40)i 
laeld atider the Bpanaorshtp of HI* EsccHency, the AjubasBador af LusemboUi^ 
B agnea Le Gal lal%. A cntolo^ was privately printed. 

Ji'^rbrearp 1& (Arow^h Jiffrch S, Tbc Twelflll Annnal ExMbkloti of Uie 

Artlista Guild of WashlJitJtoii, eomalBtijiS of 51 pointing A catalog was privately 
piiiiteEi 

February 19 i^rov^h IfareA 8, —Tie FlftL Bletialal Eililhitlon of tht 

WoabLa^oQ Sculptors Group, confilsttng of M pleeai of Bcnlptune. 

Marvh ^ IhroupA 15, Th* Blennltil ^Vrt Exhibition of the NatJonal 

I^gue of Aiuerleiin Feu Women cotiBisllng of 19a polntlngB, suulpLure, ptlnta* 
ceramlcf!, textilMp Jevrelry, and other craftwort. A catalog wm prlTnteiy printed. 

April ZO ihrouffTi Afup fT* A fltnltliaoiilnn Institution Travelln;^ Eihlbl- 

tion of Flimlsh Crafts by Taplo Wlrthaln and ttnt Rryfc^ held under the spoELsor- 
fdilp of Hia ELiceilency+ the AjahasBader of Finland, and Madame Nykopp, con¬ 
sisting ot 130 pieces of senlplurBp wood earrinss^ tarasfi, gloss, and allver desigui 
hy air. Wirkkola dad works In ceramic by Ilut BrylL. 

Aprd 03 ihrouffh Jfntf 17, iflSff.—A Sriiitb^Eilan Zhstltutlan I'raTcUftg E^blhl- 
tion Of ae watercrtlora by Henry Wood Elliott (1840-19^91. These works consti¬ 
tute the drat pictoHiil record ever made of the seal herds that pi^pulated the 
Prlbllof lalHlids In the 

J 1956.—The Flfty-nlath Annual Exhibition of the Wm^hlngton 

Water Color Clnh cooslstlng of 14fi watercolors, etchings, and drawings. A cata¬ 
log waat privately published. 

Jutw 0 IkroHpA Hi, 1956.— Twenty-third AnhOhl EiMbltlon of The Minin- 
tore Painters, Scolptorsp and Gravers Society of Washington, B. 0., eonsJaUng 
of 170 tinmplea. A catalog was privately printed. 

Itespectfully submitted- 

TiiOiiAS 11 BEQGa, Directar, 


Dr. LrxJXARD CARAnermvEL, 

Secretary., Sinit/t^onian ImtUution* 


Report on the Freer Gallery of Art 

Sir: T lifl-Te tli 0 Lonor ti> giibrait the thirty-sixth aniiud report on 
the Freer Gallery of Art, for the year ended Jtine 30,1050. 

the collections 

Twenty-five objects were added to the coUection by purchase ag 
follows: 

BMQTtZE 

Sul dynAHty {A. D. r^S0-61S). Mirror decorated wllli taetlng 
Ihi relief ^howlaff thn 13 cyfllccil enlniflla iiiid other sj'tulwllc icotlfei 
in^crlptloD of 40 characters^ Diameter: &.212. (niiiBtrated.| 
rjS.ia. Clilnoac, NorUicm Wei dyEiasty (A, D, 3Se-E35 K Oilt-brnnze Bgnre of the 
Buddha Etar^dlcg on a lotus pedestal od 4 4-lE?gged platform j remoTnble 
mandorla with datnes, lutUH^p and nnlm nl matik Iti rellefx 0.630 x 0,^®- 

uceuEii 

B^.2L JapanCBe^ TotuRuwa period (IStli ceaturyL Writing tjos 

decorated In high and low relief* In goliL ailyer, red, ^reen, and black 
with mother-of-pearl and glass lalaja Ehowlagthe thunder EOd. a deiaotL, 
a maldeii^ and a standnrd hearer on the covert inside is a portrait bii^t 
<if Dflrtiiiia+ on. hihstono, abd & water boltler. Signed^ Kajikawa. 
0.206 I 0a63 X 0,243. 

G(l>3. Japanese, Tukiigawa period (18th oentury), lae^nae box and tray of 
criTtwiiierla wood with decoration in Ifieqtter filiowing monkeys looking 
at a painting. Attrilmted to Ritftiso (1663-1747). am % 0.190 i 0.2SS. 
o0-4 Japyaesen Kataakarfl or Early AEddkugn, period (llth century)^ Box for 
a priest's robe \ hasketwork and black hteejaer decorated In gold; 

ft landscape sceno on cover* kejfa, band^ and shoulder curd Inclndod, 

0,I2S X 6.3S9 j OJ56Z. 

UlTAtWOKK 

&S.27- Indian, Magbnl period 1 11th centiiry). Knife mnde for the emperor 
Jahangir; partially meleorle Iron and decorated wMb cul daslgn and 
gold Inlay: inscription dated la wrrcflpondence with A D. 1621. Length ; 

ojm. 

55.23L Jopane^CK Tolsugawa period (lOtb eeniury). Gold ornament in the form 
of ft wild goose slt^eping cm a Bcparate bare tnodeled as n hed of reeds, 
0.032 X 6-084 X QMS. 

oS.IOh Syrian* Ayynbld period (13th century). Bnalo of bfftja richly Lnlald with 
HlIverT parE of which haa fsllon ont; decoration Incltides Inscriptions in 
HsalthE and k^f^c icrlpts^ ChrlatlftTi subjects, polo playersp itmaidans, 
Btuoding figures in arcades, anJmfilSr ftrehesanea, etc. Made for the 
pni tJTi Ayyub who reigned A, D- 1236-^49, 0225 i 0.50(1 

39 
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66-^ ^yriacL^ Ayyfilsld period (ISth ceutnry)^ Ewer of l^raas wltli sUTer inlD^, 
siyuie <>£ wblcH iifls fiillen nut^ decflfdted ivltli aralK}«ine& iu lattice 
fraioeworb; luacriptlaiia ^Ltq tlic urtL^ts Qfiiilm b. 'All aod 

dAie oarreitbODdlii^ to A. D. 1232, 9^7 i 0213. 

PAINTIWC 

S9.1E. Cbinesep Ch'Jnj^ druaety Landscape in Ink and cnbr on 

luper; bj Wd Li; dated in correBiKindonc^e wltb A. D. lldT. O.GSB 10.321. 

&5.1T. ChinCEe, Ming dynasty (1305k-je^l4)* Btfoll palntini? la ink anil fall color 
ou SRtkn siLOTrin^ 21 BnddbJstic Si^nres; 20 inscrlpdGQS and T3 seals On 
paintiD^; tlilc and 2 gefLis on moaot, datE^d in correifpQnd^iice witb A. D. 
1643. OA05 317213. 

GMitEse^ Min^ or dynasty (1711] century). LnndBcapc In tak and 

color on peper; inaeriptlon and 8 sjeala on pamtlnff; InHCrlpUon and 1 seal 
on tnOOiit; by €h Sal {£l. 1030-1030). L433 i OJMKJ. 

Cblnesa Cliing dmaEty f 1044-1812)^ Loadscepc in Ink on sntin; signs tnre 
and two eE^als on palnbiLg^ by Cb^n SbLh-pinQ; dated In cori'espondeDea 
with A. D, 1004, 1.863 I am 

G620. ChlzLcaep LTh'lng dynasty (lS44r-l&l2). Albimi containing 10 landscapes 
on paper< 15 In Ink nnd colors 1 in Ink^ 18 Inscriptions and 30 seals on 
paintings, 1 iHScription and 4 seais on monnts; by Hna Yea \ dated In 
correspondence with A. D. 1T2S. 0220-0238 x O.li^ x Q.10S^ 

5521. CbJnese, Ming and Ch'Lng dynnaUea (17th century Album coats inlog; 16 
palotlngi? in ink on paper showing lowers, liirda^ Insects, and Bsb; 0 
signatnres and 30 seals on pointing: 11 Inscriptions and 41 seals on 
niomits I by Cbtj Tn {jl. 163^1014 or Inter). 6.265 x 0.230. 

55.11. Coptlr, third qnarter of the 12tb century (Darnietta, Egypt} . First page af 
a ndlglons eodeK made for the 73rd Jacobite Patrlaroh, Michael, sort of 
Zaroa {A. D. 1174-^)? recto: a crosss verHu: the four evangeiists; 
parchment with eold nnd eolom; Arabic inscription In nank^i. O.STiO x 
0228. 

5525- Japanese^ Mnromachi period (1333-1568)» Fnl}: of 6-fold Oereens with 

55»26. nllk panebt on paper grounAH t panels painted In ink deplEittog landacapeo % 
grounds decorated with doml patterns in coIoth on gold: by Krino 
Motonobn {1476-1550). Bach LT52 x 3.75S. (5526 Ulnatmted.) 

poTTEay 

55.12 Ghlnosep T'ang dynasty (618-1K)S). Covered jar: ^ofl, plnkisb-biiJr day^ 
floft lead gtnxes of dark green, dart bine, yellowlsli-hrewti, ntnl white, 
arranged la vertical patterns. 0.212 x 0213, (H lost rated.) 

55A5. ChineseH Ch^g dynasty^ Ghlendung period (1736-1705). Wrlter^a box 
of fine^ white porcelaLn with pale, imnsparent celadon green glaae over 
delicately painted slip designs of dragon, waves^ and clnudA sud Intci^ 
IfM^g ecToU patterns; 6-eharacter Chdeu-lung mark In nnderghupe bloe 
on base, 0,057 x 0.222 x 0.067. 

56l 5- Chinese. Han dynasty (207 B. C-A. D. 220), MortOftry Sgureii of 

56.7.1 ladies, two standing and one ktteeiing: grayisb elay Ored hard with traces 
of red, brown, purple^ and greon plgraentsL HaLghts: 0,060, 0.062, and 
0.103. 

56.1. Peralau, Oth-lOth centary^ Nl^apur. Emvl with design of two birds in 
hiack slip on a whito groond. 0.066 x 0218, 
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&0^ FefsSatt, I2lh c&ninfjt Gwrgum- Bowl of tlilia, Willie^ iltrconK, tmnslTaccnt 
wAre ^ecamted wkli two hftndA of la^iswd ortmmtnt Inalde and fln& 
Rolfs piercing tlie bod^ and u^ostly filled wiSli tlie trunapareiit 
0,002 I OOSC 

Total number of acoessions to date (including above) 10,977 

REPAIRS TO THE COLLECTIOKS 

One hundred mid forty-seven Cbinese and Japanese objects were 
restored, repam^d, or remounted by T. Stigiura. In addition to tliia 
work on the collections, Mr. Suglnra completed for five CbineBa 
books and mounted five rubbings for the library; lie also remounted 
and repaired a Japanese screen for the United States National 
Museum. 

CHANGES IN EXmBlTIONS 

Changes in ezliibitions amounted to 3j0l2, This abnormally large 
number is accounted for by die reileeoration of the exhibition gal¬ 
leries and the mstallatlon of the Cliarles Lang Freer Centennial Exhi¬ 
bition. The changes wore na follows: 


Amedtae art: 

Copper ptatea_ II 

EtetaiogB _ 46 

LllRograpRo-^ ___ ____ __ __ _ 211 

Oil paintings*-— __ 124 

Pastels and drnwingn_ _ __ ____ _ 36 

Watercolora______ ___ __ . _ 3* 

Wblstlerlana,^ __ _ 10 

Ciklnese art z 

Brfuize_ _ ____ _ _ - __ 072 

Gold _ 10 

_ 400 

Lacqoer_ S 

^ni*hlp „ _ _ __________ _ 5 

HiiinwcHpUr*,*-„ - 1 

PalntLiiga- - ^ , ________ __ 17T 

Ffj I teiT . — .- _ - _ 305 

Silror and fiUver^gilt______ _ _ &2 

Slone iscnlptnre„__— __ _ _ SO 

ChrlatliLa art: 

Crystal_ 4 

G 1*53 - -— ______ _ 12 

Gold_ 31 

Maniucflptfi_ * ____ 4T 

Palntlnes-_ _ _ _ _ *_ 22 

Stone Sdulptaire.-^^ ___ _ _ _. 3 

Indltm art; 

Emnze „_ 3 

ManuBCTliJtB - - 20 

Palntlngfl_ IffJ 

BLone flcuJptnre-. __ —-——— - - -- U 
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Jnp^ne^ art: 

Bronse__ 

iacqtl^r --- 

PttlnrtiigH_ 

Pottery 

Wo^>Ii ^-aliiture 
KoreaD art : 

Bronafl_ 

Pottery-- 

Near Eastern art 
Ttookbindln^ _ 

Crystal- 

GlaE3 __ 

Maanserlpts _ 

M^taln^irk -^,- 

Pointinira __ 

Poitery___ 

&ti]ne BcDlpture 
TiLeLaa art: 

FaLatlo]^_. 

UBRARY 

Tlio library waa i-eop^ned to the ptiblk on December 10, 1055, after 
bein^ closscd for a year fnr in^tnllation of at eel stacks and decoration. 
The folio shelves are especially apprecmtcdi as tho many elepkant 
volumes are now shelved not more tlum two to a shelf. These major 
improTc-mertt^ in the libraiy facilities are due to the initiative and 
imagination of Uie libraiian, Mrs. Bertha M, U^lton, who devised all 
the plans for the new arrangement and saw them to completion. 

The geographic breakdown of Far East^ NetJir EEtst^ SoutJi Asia, 
West, and Orient was discontinued in the reshelving. Tlie Dewey 
decimal classilication scheme controls tliese b^eakdo^vns in the variona 
catcgriries in the Western languages* Orientalia aro cataloged and 
ehelvcd separately as before* A thorough reading of the shelves in 
the shelving proet‘S3 revealed that only 16 books can be teimcd “lost” 
in the 33 years of the library's history* 

The library is the laboratory of tho entire staff, and it is here that 
data for correct attribution, comparatiYe material, and recorded 
facts can be searched for and found. It has research material of the 
greatest value in the realm of Oriental art. Welcome gifts from 
scholars and learned Institutions included a reproduction of the world 
by the twelfth-century geographer Idrki, r&ceived from the Embassy 
of Iraq. An aiitograplied letter of Ifr. Whistler written to Tliomaa 
Way was purchased* Books, pamphlets, and periodicals now number 
35,000* 

Despite the fact that the mtmbar of the yearns acc^ions was greater 
than the previous year, and the adde<l labor of moving into new 
stacks, the accessioning and cataloging have been kept np to date. 
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During the Charles Lang Fr®er Ceuteiiniai conunemorating the 
birth of the founder of the Galleryj a special ezLibition ^as made of 
the monumental writings of Prof. Ogvald Sir^rij who wag tlie first 
recipient of the Qiariea T^ing Frc^r Medal* 

PUBUCATIONS 

Five publications were issued by the Gallery ns follows: 

Titift flnii ix^bleniB for OccasLoiml Papers, voL 2, 105IS, (Smithsonian Pohl. 
4223. J 

Tlie Cliarlea Limg Freer Medal ptE^ntation)* Beokitt enntalnlap a partial 
hlliHfPgrHphy Uy pfwf, Oswald Sinfik 

CharJ^ l 4 aae Freer Ceo termini ExliIhLHon (1BS0-J950). Booklet listLog objects 
on oxljlbition In gnllerles. 

First presentEitlcm of the Cbarlea Loo?? Freer Medal S Fehfiin !7 Conlnlas 

partial blbtloi^niphr Prof. Osxuld Slr^n, apeiiina remurlce hy Dr. Carmlebael 
and Mr. Wouley, presentatloD b; Dr. Carmteboel, and Prof. SIrdn'a addroae. 
Pope, Jolin AlexEimlerj poreelalnn from the Ardsbll Skrlns^ xv{ + TtH 

14S pJs^ l&5tl. (Smi tbsonlnn PnbL 4231.1 

EEPHODUCTIONS 

Tiic photographic laboratoi^ made 3J82 items during the year aa 
follows: 2,404 prints^ BT4 negatives, 814 color transparencies, &4 black- 
and-white slidesi, and SG microlilms. Total negatives on hand, 11J73; 
lantern elides, 0,542; 110 reproductiona in the round of Frc^r Gallery 
objects were sold. 

BUILDING 

The general condition of the building is good. AM roof areas ap¬ 
pear to be in good condition; minor repairs were made when necessary 
tbroughoiit the year^ The ledge of the roof repaired, and fi coat¬ 
ing of roofing compound was applied^ The copper flashing surroudd- 
ing the court area was nthickcd and caulked- Ail csterior walla were 
waterproofed and repointed; all exterior water valves were replaced 
or repaired on the outside of the building and in the court. All screen 
doors and arcsiways arc in good condition. 

Redecoration of the Lntjerior w^as completed on December 9, 1965, 
and nibber-tile floors were installed in the library and main offica. 
Fluorescent light fixtures were installed in all offices, work rooms, 
storage rooms, and corridors, with the exception of the gallery' corri¬ 
dors where incandescent fi?tturcs w^ere put in. 

The major work of tlie cabinet shop hm been devoted to the making 
of exhibition eases for the galleries* Mbedluneous odd jobs related 
to storage, exhibition, restoration, crating, and maintenance of office 
and Gallery equipment contiiuie as usual. 

Some of the alterations in the court planting planned Inst y^ar, such 
as reseeding, repliicemeiit of shrubs, removal of ivy, were undertaken. 
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and all plants, trees, and shmba appear to be doing well And are main- 
taming steady growth. 

Work on the installation of tlie long-needed air-conditioning system 
to safeguard the collections lias begun. 

ATTENDANCE 

The Gallery was open to the public from D to 4:30 every day except 
Christmas day. The total number of visitors to come in the main en¬ 
trance was 04 ^ 70 . The highest monthly attendance was in April, 
12,979, and the lowest was in December, 3,209, 

There were 2,172 visitors to the ofllce for the following purposes: 

For fienernl InfArtiia tloa _ _ _ ___ gjF; 

Ti^i ^iblDlt objeets for C-Hunlnntln w __ _ 3 flT 

To Bee sEflff nieiDber?t___^._____ _ _ 

To tnke photosrraitbu tn the eoert exhlbltfon s!ilIorlce,„__^_ 157 

To ffindr in ____ _ ____ 22 S 

To see bniidlo}; omi instnllnttooB_ _ ___ _ ____ 37 

To exaiuitie or borroir slides_ _ ____ _ 2 (| 

To Bketcli In pallerseff--_ _ __ _ __ _ __ 

To 141 .se licrzfolil ArchlTB __ _ _ _ _ 4 

To see objects in storage: 

Fat Eii^tera paEotln^^____ _ __200 

Far l^aisterii metalwork.^_ - _ __ _ ^ 20 

Par KostQni patter^ __ __ _ _ __ ^ 

Far EDf^tem Jade, liit'quer^ weodp Irory, etc_ _ __ _ _ 20 

Near Ebisftern paintings _ _ _ _ _ _ ___ g 

Nefir Ejisteru metal wo ___ 12 

Near Eastern rettery_ _ _ _ _ _ ” " ^ 

Near Eo-i^reiii gSa^ bookbItnKnsBt _ _ B 

ChriatEaii art (Wasbinftotj MBaO___,.__ _ __ — 2 a 

AmerliJaa art______ _ __ 

AUDITORIUM 

Tire series of illustrated lectures was continued as follows: 

ms 

Octiiher 18. Dr. Asrhwln Uppe, Afisbrant Cnratpr of Far Eastern Art. Aletre- 
IMlltaa Atnsenm of Art, New Tork. "Ettrlj Ctainosc Palntinga 
In Formosa.*' Attendaitije, no. 

Xorember 15. Dr. Bherman E. Lee, Cara tor of OrlentDl Art, Clerelaad UiiKemn 
of Art, “Kanuilnirn Art Ui Attentlance, J03. 

1S5S 

Junnarj 17. Dr. Oleg Grabftr. Assistant Professor In mniuJe Art, Unlrersltv 
of Mlfhtgan, Ann Arl.or, ‘UmayyjMl Art. the Art of ui 
Empire." Attendoncp^ ITL 

Fehraary t4. Prof, wminin F. Albrjght, Johns Hoiilna University, Baltlinore. 

The Aft and Architect am of the Age iif Solomon." Attend- 

mmt;, 24± 
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1958 

March 13. 


April IT. 


Mr, Gblajiii Yw, Cvlambla UtilTcrsIty, Kotf York. "Western 
Scenery throngb Chinese Eyes." Attendance, 143. 

I^urence Slekiunn. Director, William B4>cithiU Nelson Gallery 
of Art, Kimaas City, MLssonrL ‘Early Chinese Plgure 
Palntlug.’' ActeitOancc, 157. 

On Febnidrj 25, 1956, the auditorium was tlie scene of ceremonies 
^unemorating tJie centennial of tie birth of the Gallery’s founder. 
This was marked by tlie first presentaUon of the Chnrlcs Lang Freer 
Medal ‘Tor distinguished contribution to the knowledge and under- 
Btandmg of Oriental civilizations as trflected in their arts” to Prof. 
Osv^ld Siren of Stockliolm. Also on the platform were Count Carl 
L,. Douglas Minister Plenipotentiary, i^presenting the Ani l>».c« nrUi> 
u Kailiarine N. Ulioades, representing the Friends of 

I- reer Gallcp named in Mr, Freer’s last will and testament, the 
Director of the I rear Gallery of Art, and the Secretary of the Smiths 
somaii Inatitntion. The proceedings ^vere opened by Dr. Csrtnichad 
and following ffiime iTmurko on the inangoration of the awani by 
.Mr. WenJey, Dr, Carmichael made the presentation. Professor Sir^ 
^piMded an address on the development of scliokrship in tlie 
Far Eastern field tparticularly in America) during the last 50 years 
^^n the CO Icct^ of Chinese and Japanese art, together with some 
personal r™llecriona of Mr. Freer. The presentation was followed 
by a reception in GaUery XVn. Attendance, 260. 
iseveii outside organizutiona used the auditorium, os follows: 

Dr Retningtcn fellog,:, Director, atates Natluoai Muaemu, 

A Uit to employeeii of the SinlUnwnian InstltoHon -travel 

in AtioudJinee, lljO. 

Garber. Coretor. National AJr iinsewm. Motion pictures 
for a group of World War I flyerB. Attcaduncc. 30 . 

SMretary. SmItlisDalai, li,«itatloii, addreBsed 
members of the Vaasar Club ou 'Oasslctem and Romantklsm 
la EMucatlou." Attendence. 48. 

District of ColaiublB Libraries Astjodatldn meeting. Mr Weulev 

^ ’This was followed liy a tear of the 

Freor Gallery library. Attendauce, 44 

Service 

^Ind t *^**"“*- Mr. Wenley pive a talk^o “Baek. 
Attendan^ee^^S""*® Drrmslles.’* 

«mJanedon with the 

.Iii? ^ dlscasslon meeting and 

niotldn ptrtniee on safety. Attendance. M 

Peychologleal Gronp. Dr. Leonard Care 
Sialthsonlaa Insatntlm.. introdtKTd the 

Bpcalrerp Dr, J(sy Paul Guilford. Attends nc^, 3®, 


AngnBC 6, 


Auguyt 1§. 
Oetol)«r IL 


l^SS 

Janaary 


AlTTll 13. 


May IT. 


Mfly 25. 
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Om oilier meeting was held in the buildiug whim Lhe Far Ea^ern 
Ceramic Group hud ita full meeiing in Storage 11 and u&ed the fucili- 
ties of the libraiy. Attendance, 23. 

STAiT ACTIVITIES 

The Tivork of the staff mcjiibcrs has been devoted to the study of new 
accessions, of objects coutemplated for purchase, and of objects sub¬ 
mitted for examination as well as to mdiTidual researdi projects in 
tho fichls represented by the collections of Chinese, JapiincHC, Persian, 
Arabic, and IndJun materials, KeporLg, oral or written, and esclusiYe 
of those made by the technical laboratory (listed below) were made 
on 7,358 objects as follows: for private individuals, 4,975; for de»al- 
ers, 1,073; for other mnseum^ 1,211* In all, 552 photographs were 
exaniiiLed, and 320 Oriental language inscriptions were translated for 
outside individuals and institutions. By reqnest 10 groups totaling 
'1G3 persons met in the exhibition gnllei'ics for dooe^it service by stall 
iiiemlnjrs- Two groups totaling 74 persona wer^ given docent service 
in the storage rooma. 

Among the vbitors were 70 distingiilushed foreign scholars or per¬ 
sons holding ofiichi] posUioi^ in their own countries who eanie here 
under the auspices of the State Department to study museum ad¬ 
ministration and practices in this country. 

In the technical labomtory 90 objects from the Freer collections 
and 74 from outside sources were ezumined. The following projects 
were begun: Quantitative chemical analyses of ancient Chinese 
bronzes; tbin'SecUon studies on Chinese porcelain bodied and glazes; 
study of ancient CThincse bronze-iron objects to determine meam of 
fabrication and special behavior during soil corrosion. The following 
projects were continued: X-ray diffraction studies on Jade objects in 
the Freer collections; exoniination of specimens of wall painting 
fixuij tlie undent Clirlatian church of the Chora, Istanbul (in cooper¬ 
ation wilh Dumbarton Oaks Research Library and Collectlort)* The 
following projects were completed: Spcctrochemical analyses uf 
samples from ancient Persian and Neat Eastern sih-er objects (results 
to published later); treatoient and conservation of several Freer 
Gallery olij^ts, mostly bronzes. During the year, 22 written reports 
were tuade and 5ft verbal rejjorts given on objects examined in the 
technical laboratory. 

By invitation tho following lectures (illustrated unless otherwise 
noted) were given outside the Gallery by staff membcia: 

19^3 

Notetnlier & Dr* %l iho Near Ea^ftem R^^seiircli Clna^ University 

of Mkblgan^ m Rldi,tle of a Famoafl FerslBa Futtery 

Plaie,"” AtteadAncCpSCS. 
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ms 

Nov«iii1>er fl. 

December 14, 

IBSS 
Januniy B. 

afftWii 2, 

Miiircb 12. 
March 22, 
AlirSI 4. 

AprD 11. 

April 30. 

May 31^ 

June 12- 


Df^ EtringbaxLSert, \n Angell Hall, DniTersity of KldileaD, on 
“Paluttnga from the AlLmma of tto Mogtiii] Empire," Attcnii- 
once, 7fS, 

Mr. Stem^ At ChEna Houae, Nei^ff York Cllj, to the Chloese Airt 
Society of Amerlcft^ on “HokliaAl Pointings and Drawlnj?s In 
the CoUectlon of the Freer Gallery of Art" AtteudiinH!, 35. 

Dr. EtHucliaiisen. at Pierce HaU, AH Sonia' Unltarlmi Church* 
Wafiblrigtoii, D. C„ on "The Art of the Mualim Eaiat'^ Attexid- 
ance. 45^ 

Dr. Ettln^ansenp for the PbotoinTipljic Ronudtable. Graduate 
School, United States Department of AgrlcDltiire, on "Es- 
pcrlences of an Art Pboto^mpher under the Crescent." At- 
tendnnce, 81. 

Mr. at New York State Teachcra College^ New Palto. R Y., 

on "Chemistry In Art and Archaeology-^ Atteodanoo, 150, 

Mr. Pope, at the Museum of Fine Aria* Bostaop on “Ming Porcelntn 
and Its TravelsL" Attendando, 110. 

Mr. Stem, at the Far Eastern AssociatloD meeilog In Pblladel- 
phlBt on "'Sh thA Ki^taji—Artl5t," Attendimce, 50. 

Mr. Stern, at Amerimn Unlveralty, WasblngtaDp D. C., on "Hutu- 
Bai Palniinga and Eh-awtnga In the Freer Gallery of Art" At- 
tendancop (50. 

Mr. S ter Up at the UatTeralty of VlrgUilBp Chariot tesvillep on 
"Noted ExampliH of jRpanese Paintings and Sculpture," At¬ 
tendance, 05, 

Dr. EttInghADseti, hefofo the Convegno '■'Tolta," Accadcmln 
NoMonalc del Dlnml, Yllla Farvard, Florenec, Italy, on "‘Peir- 
slan Ascension Scenes of the 14th CcntrirT." Atleudanoc, A5. 

Mr- Cettens, at The Henry Franc Eb da Pxmt VTlntcrthnr Mnscum* 
WLntorthnTp Del,, on “Mnsemn Laborolorica'^ in conoeetsoa 
wllh ft 3-dfly conference Htleflt "Winterthur SetnInara In Mu* 
aonm Operation and Cnunolssenrahlp." Attendance, 60. 


On October 15 Mrs- Usiltoa attended a meeting of the Catalogera 
and CloBsifiers for the District of ColninbiAt Maryland^ and Yirgmiai 
in Washington, D* Members of the staff traveled outside Wash¬ 
ington on ofEcial business as follows i 
ms 

July 5. 

Au guilt 15-ia 
September 2-3. 

October 24. 

NoTombflT T-IS". 

November fr-lU. 

November £1-25^ 


Mrs. UBilton tn Phnadelphla attended the Art ncf^cnoe 
Kfmud Table oC the American Libraries ABsOclatSou, 

Mr Schwarta In Chlcfigo itlteuded the National Industrial 
Photographic Cohf^^rtnce. 

Mr. Stem In New York examined objects bebugltig to 
dealers, 

Bfr. WenJey In Atm Arbor attended a meelltig nf the Freer 
Flind Committee at the UttJvengity of Michigan. 

Mr, Gettens lit Sorasotap Fla., examined bronxe and stone 
Bculptnre at the John and Mhhle RLoglEng Mdsetiin- 

Dr. EttfughauMn In Ann Arbor examined objecto fn a pri¬ 
vate collectfun. 

Mr, Wenley In New York examined objects at the Metm- 
polltan Mnoenm ef Art and belOAglng to deftlefO- 
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December 14-ie. 
December £1. 
December 2L 

Pebraarj T-&. 
Mfircb 8-^12, 

Marrb 2^26, 

April 3Htt. 

AprD 9-11. 

April 1C1-11* 

April 2^-25. 

April 30- 
May L 
May b. 

May G. 

May 19- 
lane ItL 

May ^2Ip 

Jane 1 ^- 14 . 

Jime 12-1!^ 

Jn&e ICt-SO- 

Jtme 18- 
Jnly 2 T- 
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Dr,, Elt1ii^bnu5^D La New York examined objects in tbe 
New Tork PebUc LlbraryT Amerlcaii NmnKaniiitlc Society, 
and bclGD^Eng to denlerfl. 

Mr. Stem la New York examined objeeta at tbe Metmpolltan 
of Art and betonjgins lo dealer^i 

Dt, Ettln^haosen la Baltimore examtaed objects at tbe 
Walters Art Gallery* 

Mr. Oetteaa in Bflltlroore exnmined abject^ at the Waltera 
Art Oftlleryi 

Dr. Ettlngbaosen la New Yark examined objects beloaglag 

to dealers^ 

Mr. Sierti la New York exaintned objects at tbe lifetropoUtaD 
Mtiseum of Art, tbe Brooklyn Mnsenm, nad beioDj^ai? to 
dealers. 

Mr. Stem tn DbariottcsTtlle, Yh,* examined objects in a pri¬ 
vate collcctton. 

Mr. Stem la FbUndolphla examined obJi?ctB at the Pbiiadel- 
pbln Mnsonm of ArL 

Mr. Wenlcy la Baltimore attended meetia^ of tbe Amerlcnn 
Orion Ut I Society. 

Mr. Pi»pe in Abtlcne, Kans., exnmlaed objects at the Eisea- 
bower SSoiienm. 

Mr. Getteoi^ la New York oxnailned objectfl at the iretrotKil- 
Itna Mnsenrn of Ait, tbe Brooklyn Mtueuin, and belonging 
to dealers. Also illsfcosse^l bronze corrosion problems with 
effleiala of the Internationa] NLclel CiorporadoiL 

Mth Stem in CbarlottcaiBIet Va., condncted a seminur on 
Japanese art at tbe Dnlrerslty of Virginia« 

Mr. Wenley in Boston attended meetings nf tbe Far Eastern 
CemmLc Group. 

Mr, Fope In Bofiton presided at the aE-dny meeting of tbo 
Far Koatem Ceramic Cronp. 

Dr, Ettlnybaosen in Enrope attended the I2tb CoarentLoa 
of the Fondazione “Alessandro Voltaof the Accademin 
NoaJonale dei LinccL In Borne anri Florence. Also attended 
tbe opening of tbo IntemaHonBl Exbltiltion of Imaian Art 
Ln Borne I atmlied mnaitserlpts at the Hoyol Scottish Mn- 
eenm, Eillnbargb* and at the Britiab Miiaeunit London. 

Mr. Wenley in Clarionnli attend ed meetlnj^ of tbo Assodn- 
tlon of Art Mnsomn Directors held at tbe Cloclanatl Art 
Mnsonm and tbe Taft Mnsemn, 

Sir. Gettens In Wlntertbnr, DeL, attended The Henry Ftancla 
dn Pont Winterchtir Mnsenm’i “Seminars in Museum 
Operation and Connolssonrship.'* 

Mr. Stern in BofjtoD exomlnoil objecte at the Musemn ut Fine 
Arts and In a primte collection* 

Mr. Stem In New York examined objects At Ibe Brooklyn 
Mosenm, tbe American Mn&cnm of NAhiml History, tbe 
BletropoUtan Mnsenm of Art* the Ntwr York Fnblle library, 
nad b^otiging to dealers, and one private collection. 

Dr. FttingbadscD in CuInmbiiBt Ohio, taught ''A Survey 
Course of lahunlc Art" at Ohio State tTnlveptitty. 
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Members of tlie statl held hoiiomry post^ received reco^^tioni and 
imdertook additional duties outside the GaUory as follows: 

Mr. Wenlejr : Memberp Vl&itiug Conimlltee, Dntiibiirtoll ^alts Researsb 

Library a ud Collectloo. 

Renearth ProfEbBaor of Oriental nlLrt, DtipartmeDt of Ftae 
Arts, UnlverBUy of Mlchl^raiL 

of tbe Eoar4 of United States Civil Service 
Sxaminera at WaatalJifton, D+ C, for the Suiltli^nian 
Iti^tituOon. 

Member, Boiird of Trusteoi, Tei^tUe Miisfeum, WaabtofftoDp 

D. C. 

Member, Coimell of the Far Fastern Ceramic Croap. 

Membefp Smitbsonian ArtCknnmlsstulX 

Mciatier, ConPultatiYe OomudtteCp Art Drfanfa7i$. 

rhuEr m-Hn of the LroaEse WaSIrtte Huckuej ScbolarsbJp OoP3^ 
nJttee of tbo AnierEcan OrlentuI Society, 

Member,^ Oolnniltlee m Ja|>aEc*& Stadlea;, American CoimcU 
of Learned SoeletLe^ 

On E^brwary 37*^ 1950* at the Etndloa of WHO (NBC) dis- 
eassed the Frei^r GaUerg of Art tand fft CoUectUm^ on tbe 
Pnttj' Cavin radio aiiow. 

Mr, Pope : Preetiient, Far Eastern Ceramic Group. 

Member, Editorial Board, ArcA^twt sf Art Soaiaig 

of Amerir^. 

Proaldont* Association of the Soatbera Alumni of the PlalL 
Jips Feeler Academy. 

Memberp Art Committee, Cosmoa Clab, 

Dr. EtHn^tionaoii : Reaearcb Profeasor of IsLamie Art, Deturtment of Fine Aita, 
UulreraJty of MleJityfan. 

Near Kaatem editor. Art Orimialif. 

Member^ Editorial Boardp 7'Ao Art liuUeii^. 

Trustee, American Center In E^ypL 

Membor^ Gomitnto IntemaElDnale dl PatmaatoK Mnsco In- 
terna^Joiiiile ilelle Ceromielie^ Faenza, Italy. 

Memberp Ad^itjory Committee of Carfcnl JEetcaroA Ort tAa 
Mfddie ^oaf, to be pnbllalied. by Die Middle East Instltnte, 
Wasbln^on. D. C. 

Mr. Gettena : Consnltantp Advisory Board of the Interrouaeiun CanaerTatian 

Aaaoelationp Qberlin College, Oberiin, ObtOi 

Associate Editor^ Siudiet fn t7oH«errafloA, pnblLsbed for the 
IntematloniLl Institute for the ConserTiitlafl of Museum 
Objects, LohdoOr 

Ahatrnctor for CAeniiOtil American Cbcmlcnl 

^society, 

Soclo Corrlsirendente, Ot^iitro de Storia lielln Metallnrpia 
i(A 4 }sooia^one ItELElana di ^(etallnrela^p Via Moscova XOl 
AlllanOp Italy. 

Mcmlieri Subcommittee for /. L O. A^tiracU^ Chief of the 
American Wording Partyp rntematlonal Institute for the 
ConservntiDn of Mtisenin Dbjects, I^ndon. 

Memberp Planutng Committee for a proposed National Con- 
servaDon Laboratory for the United l^tntea. 
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Mr. Gettens: Memberp Commit le« ot Scientlflc LatKimtoti«ff| tatenifltloDal 

Cot]DC!ll ot Alnsenm^ 10 Parc du ClnqiiaiiteDDlr^ BruseUfiap 
Bf^laigoe. 

PrcaldeDt WashlitGtrtD Society* ArtiLDcolojrlciit IwetltwEe oi 
Aicetica. 

Mr. Stem; Memterp Frogtam CotmnlttD#, Far Fnstern ASBOcUtloiu 

Ob February 21, at a cenentony in the RegenLq^ Boom^ Smithsonian 
Institution, at 4:00 o’clock. Dr. Carmkhnelf Secretiiry, pi*esented Bus¬ 
sell C* Miclke with a oertificatfl of award and a check for “special and 
meritorious eervicea m carrying out tlic duties of general mainteuatice 
foreman during Mr. Eawley’s long illncsa and subsequent retirementj 
demonstrating in an oiitd:anding manner ability to disriiaige these 
added respocsibilitiea, sometmijes under rather trying circumstances.” 
Bespectfully submitted. 

A. G. WuNLETj Director. 

Dr* liEOKAED GvRMrClIAZIo, 

Secret^ny, Smithsonian imtitution. 


Report on the National Air Museum 

SiH: I haVB llie lionor to submit the foUoTring report on the actmties 
of tlie National Air ilusamn for the fiscal year ended June 30, lUfl6: 

STATUS OF FKOPOSEiJ NATIONAL AIR MUSEUM BUTLUING 

At tho beginning of the fiscal year the yigoroua efforts by the Smith- 
fionian Inatitutlon to obtain a site for the proposed National Air 
Itluseum building seemed about to succeed. The preferred site had 
been chosen after a study of the original ‘‘winegbiss paLtem” plan 
developed by the National Capital Planning Coromissloil for im* 
pi'ovenient of the south west IVashington area. At the offices of tliat 
Commission it was agreed tlnit the site on Independence Avenue, be¬ 
tween Otli and 12th Streets, was most desirable for tho proposed Na¬ 
tional Air ^^l^seum building. Subsequently, however, the Ounmission 
decided to adopt a plan for the development of southwest Washington 
proposed by the firm of Webb & Knapp, Now York City. That plan 
eliminated tlie preferred National Air Museum building sites in favor 
of a lOth Street Mall. No alternate si to has yet been assigned, although 
several are being considered. Especial attention is being given sites 
closB to the otiior museuin buildings in order to provide most con¬ 
venient access to the visiting jutblic w'itli limited timo in Washington. 

Althniigli the question of a site liivs not been answered, nevertheless 
as a result of continuing efforts and cooperation tlie Smithsonian In¬ 
stitution now has a broader appreciation and better knowledge of the 
requirements for adequate care and housing of the National Aero¬ 
nautical Colled ions. The architectural studies, which were generously 
financed by the ALrcraft Industries Association and the Air Trans¬ 
port Association, and ably conducted by the BTchitcctufal firm of 
McKim, Mead & Wliite, have provided the Institution with a magni¬ 
ficent general internal and cjrternal plan of a ImSldiiig, scale drawings 
of floor plans, perspective rendcringB, and scale models of a building 
which is generally adaptable to any level site approiimately 1,000 by 
500 feet- A previous study conducted by tlifl General Services Ad¬ 
min istration, Public Buildings Service, produced a plan adaptable to 
n larger area which would include outdoor exhibits and parking. As 
the result of the work of the past several years, therefore, the Institu¬ 
tion is providefl with the principal features which can be adapted to 
any chosen site. 
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At th© dose of tlifi BscrI jenFj the SmithsoDinji liisti tntion was pro¬ 
ceeding with plans of buildings for other bureaus of the Institution. 
It was decided that as soon as other units, now occupying space in the 
Arts and Industries Building, are thus p^vided for, the space they 
vacate will bo made available to the National Air Museum, Such 
space should be considered, however, only as an interim provision, and 
not as a permanent solution of the constantly increasing need to give 
ad«iuttt« care and proper educational display to the Institution’s mar¬ 
velous collection of aircraft. Four-fifths of that collection is hidden 
away m storage, prevented from accomplishing its educational and 
inspirational function for the students, engineers, and pilots of this 
Nation which first gave powered and controlled wings to mnntind. 
Aeronaut tea is too important to the defeiuie, industry, and progress of 
our Nation to have tlijs collection, embodying its very foundation and 
development, so confifiod and suppressed as it now ts. 


APVISORY HOARD 

l^is Board of five membera, specified in tlie Act establishing the 
National Air Museum, condniies to assist in tlm planning and opera¬ 
tion of the Museum. Shortly after the beginning of tlie fiscal year, 
ifnj, Gen. George IV. Mundy, the Air Force member, was assigned to 
other duties away from the I7aHhington area and waa succeeded on tlic 
Board by Mn]. Gen. John P. Doyle, He and hia assistant for Museum 
matters, Mnj. George C. Bales, have not only been ever ready to assign 
For^ personnel to help in maintaining the Air Force plimes in the 
exhibit, but also have directed tlic construction of a series of dioramas 
and scale-model groups bring made for the National Air Afuseum at 
Wnght-Patterson Air Force to illustrate significant events in 
Ajr Force histoty. 

The Navy member of the Board, Bear Adm. dameg S. Bua^ielL and 
hia alternates. Capt, C. C. Case and Alfred Vervilic, have kept dose 
contact with the Museum on a number of ]>i'ojectg. Tliese include the 
restoration of a IVodd War I Curtiss N-9 training seaplane the 
improved display of tiie scries of models illustrating the clcvebn- 
ment of naval aircraft, and H,e preservu! ion of the original wind-tim- 
nel models developed at the Waaldngton Navy Vard. Associated wit), 
tlie latter project is the intention to construct a scale model of that 
T^d tu^eb wInch was developed in lOU. The .Museum is indebted 
al^ to the Navy for ils continued storage of iluseum material, tlms 
relieving the Afuseuiii of tliis physical custody while its own premises 
and facilities are completely occupied ^ 

On March 20, IflnG. william B, Stout, one of the Presidential 
^pointres to the Board, passed away at Ids home in Phoenix, Arix 
His constant interest and wise counsel wore a most helpful resource in 
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oondQctitig the work and plaiming of the Xational Air lIuBcum. Sev* 
oral iDonths before his death, Mr. Stout had brought to the Muscvliu 
n group of five early experimental model aircraft devised during the 
late nineteenth century and including two he had made at that time, 
evidencing his early interest in aeronautics. Tie continued active ex¬ 
perimenting and designing tliroughoiit his life, and the aeronautical 
world is richer because of his accomplishments. His last letters to 
the Museum relate to liis efforts in obtaining for the CoHectious an 
example of the famous Kord-Stout trimotored transport, which was 
one of the mainstays of the pioneer airlines clurtng the inSO’a. In his 
letters, he included" sketches detailing his ideas for hall arrangements 
and exhibit locatioiis in the proposed National Air Museum building. 

During the year, the other Pi esidential appointee, Grover Loening, 
shared his progressive ideas for improvements and expansion of the 
National Air Museum with the fifth member of the Board, the Sucre* 
tary of the Smithsonian Institution. 

STEPHENSON BEQUEST 

It will be recalled that Congress authorized the Secretary of the 
Smithsonian Institution to accept as a gift from the late George H. 
Stephenson of Philadelphia a statue of Gen. IrVilliam Mitchell. The 
development of this project is proceeding very satisfactorily. At the 
time tire previous report was submitted, the sculptor, Bruce Moore, 
had completed bis t/^ size study and it has been approved by the Fine 
Arts Commission, This has since been enlarged in plastiline to full 
size, about 7 feet high. Details of the head, figure, imiform, and 
other features are being perfected. The Director of the National 
Collection of Fine Arts, Thomas hi. Beggs, and the head curator 
of the National Air Museum inspected this enlargement on February 
2,1936, ond approved it in that elementary forni. While continuing 
his refinement of the sculpture, Mr. Moore iias studied many photo¬ 
graphs and motion pictures of General Mitchell and has had the 
helpful a^sistaIlce and constructive criticism of persona who knew the 
General intimately. The sculpture will soon be ready for final inspeo* 
tion prior to casting, 

SPECIAL EVENTS 

On July 2,1955, just 30 years after the world Btidurtuice record of 
65314 hours continuous refueled flight liad been established in a 
Curtiss Robin airplane by the Key brothers, Algene and Fred, of 
Meridian, Mis., that same airplane OU Afiw, piloted by Frod Key, 
completed a Bight from Meridian to Washington, D, C., for presenta* 
tion to the National Air Museum. Tliis accession not only adds an¬ 
other event of fiying history to the many outstanding accomplishmenta 
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illustrated in this MusBiim by origioal aircraft but also proTides the 
collection with an example of a S-place oommetcial airplane which 
was popular in the 1030’s. Tills record of over 27 days in the air was 
an impressive demonstration of the reliability of American aircraft 
and en^esi as well as a tribute to the piloting skill and endurance 
of tlie Key hrothers. 

On August iSj the Civil Air Patrol, an air-youth organiEation 
eponsored by the Air Force to encourage acronnutkal trainuig and 
national aiimindedness, chose the National Air Musemu as a fitting 
loc^ition for paying tribute to their retiring head, Oen. Lucias Y. Beam 
The ceremony was held in the Aircraft Building in front of the 
Spud-XIII airplane, a type which General Beau had flown during 
World War I. 

August 10 was the birth date of Orville WrighL At one titue this 
date wag designated ns Aviation Day, and although that term la now 
generally a]iplied to December t7, wlien the TV^right brothers first flew 
in 1003, August 19 is deserving of recognition. The National Air 
Muslim inarked the day with a public lecture on Work! War 1 avia¬ 
tion, Coh Burling iTarrett, curator of the Army Oi'dnance Museum at 
Aberdeen, kid., being guest speaker. He showed motion pictures that 
he had produced with the assistance of Maj. Kimbrough Brown^ 
USAF, recording the heroism of tli© famous aces, Georges Guyneracr 
of Fnince and Baron iranfi-ed I'on IHchHiofen of Germany- 

On September 5, 1055, at a meeting of the Early Bircte in Phila¬ 
delphia, this organization of pioneer pilots, who flew solo during the 
first 13 years of human flight, 1003-101 fi, designated the National Air 
Museum as their nfTicial depository for mementos of those fundamen¬ 
tally important years of aeronautics. The head curator was elected 
secretary of tills orgimization- As a result, this kluseum has received 
a numljcr of important accessions from I he memhership. These in¬ 
clude the Kiuihenshtie itjrghip of 1005, Boland air-speed indicator of 
1910, an Elbridge and a Lawrance engine from William Parker, a 
group of iustriunents and a Daniel rotary engine from Adm. Luis de 
Florez, and other items included among those listed at the end uf 
tills report- 

kfembers of the Philadelphia Flying Club came to Washington in 
thclt own planes October 30, 1055, for the purpose of seeing the 
Smithsonian's aircraft collection; and on April 3, 1056, a tour of the 
Muse urn by members of tho Afsgociation for Childliood Education 
International was followed by a group discussion on the value of aero¬ 
nautics a medium in school courses. On June 13 a group of ehil- 
dren, sponsored by Eepr^senhitivc Peter Mack, were given a descrip¬ 
tive tour of the aircraft display. 

The National Air Museum was representedj by invitation, at the 
Wright brothers memorial banquet of tho Aero Club of Washington 
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OD December 17, Ifl.W, and at the annual banquet of the ^orican 
Helicopter Society ou May 3, lPii0. The head curator continued to 
serve as a director of the National Aeronnutic Association nnd a 
member of the Brewer Trophy award committee. On August 28 he 
recciTed the annually awarded eitet ion of tlie Air Line TmlTic Associa¬ 
tion in recognition of the progress achieved by the Niitional Air 
Museum in memorializing aeronautical history. During the year he 
gave 17 lectures on various aspects of the histoiy and deTolopment of 
aeronautics us requested by various groups, including the Institute of 
AeronautIcnl Sciences at the Fairchild Aviation Division, Ilugers- 
town, Md,, and the Management Club of McDonnell Aircraft at St. 
Louis, Mo, Three television and three radio preaotitationB on histor¬ 
ical and current aspects of aeronautics were prepared by tlie National 
Air Museuni during tliis year and hromkiiat from Washington stations. 

For the annual meeting of the Smithsonian Institution’s Board o£ 
Begents on January 13, 1950, the National Air Museum prepared a 
S|)eeial display illustrating the development of the world's first liquid- 
fueled rocket by Dr, liobert H. Goddard. The main item of tliis 
display was the revised version of the world’s first liquid-fueled rocket, 
fired March 16, 1926, Thia flight wsis a significant milestone in tlie 
develojmient of rockets. Dr, Goddard’s cxpei'iments is^ere earned on 
under the auspices of the Smithsonian Institution from 1D13 to 1930 
and were aided by an additional Smithaonian grant in 1932. This 
Institution allotted funds to Dr, Goddard from a fiesearch Corpora¬ 
tion grant, tha Sinithsonian's Tlotlgkins fund, an<i from its own re¬ 
search aources, Clark University, the American Association for the 
Advancement of Science, and the Carnegie Institution of Washington 
also gave aid to Dr. Goddard during the 1917—1930 period. His later 
sponsor was the Daniel Florencii Guggenheim Foundation until, in 
IV'orld War II, the United States Navy financed ids final accomplish- 
ments. Dr. Goddard died on August 10,1945, at age 62. This Regenta 
display was added to the permanent exhibits of the Museum and now 
includes full-sized original rockets of 1034-3& and a larger rocket, 
about 16 feat long and 1 foot in diameter, dcvcloiied 1939-41. Dr. 
Goddard’s experiments were copied by the Germ ana during their de¬ 
velopment of the V-2 rocket weapon and formed the foundation for 
modem rocket progress. 

IMPROVEilENTS AND CHANGES IN EXHIBITS 

During tlie first part of this fiscal year seveml balls in the Arts and 
Industries Building were painted, requiring partial disassembly and 
covering of the suspended aircraft in those halls and the repair and 
reasaerablj of the planes after the painters liad completed their w ork. 
Because of changes being made in the halls of the Arts and Industries 
Building, in connection with renovation of exhibita pertaining to 
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Aiaericftn iiistory and technology, the Kational Air Musoum was 
required to romoTe another full-sized aircraft, tlie William H. Martin 
glider of 1909, from exhibition. The same renovation program re¬ 
quired moving the Wright brothers’ first military flyer of 1009 and 
the Wright brothers’ first transcontinental flyer of 1911 to oOier 
exhibition locations in the same building. With the assistance of 
working parties supplied by the Air Force, repairs were made to the 
Douglas World Cruiser, Loening amphibian, and Spad-X^^ air¬ 
planes, Several of the fabric-covered aircraft, particularly those 
e^ihibilei'l in the Aircraft Building, required patching. 

The Museum ia particularly proud of ita collection of famoUB iioro- 
nautical trophies. Several of tli^e, such as the Pulitzer Trophy and 
tlie Gurtiss Marine Trophy, have served to stimulate progress m the 
paat, while otbeiSj including the Robert J* Collier Trophy, Wright 
Brotliera ^Memorial, Tliompson, and Harmon Trophies, continue to re^ 
ward tliOise who attain excellence and to inspire otliers. Improvements 
have licen made tlirougliont the year in the display of these trophies 
and the associated exhibition of specimens which illustrate the basis 
for the individual awards^ The display describing the two world 
flights of Wiley Post in the Winnie 1931 and 1933, the first 
time with Harold Gatty, has been improved by the addition of speci¬ 
mens that expand the physical recoi’dji of these famous Sights. The 
exhibition of scale models illustrating tyxjes developed by tiie Wright 
brothers and the Wright Company during the IT years of progressive 
development, from their firet glider of 1900 to the type of 1916, 
has also increased in contents and educational interest. The develop¬ 
ment of our jVrmed Forces^ aircraft, as illustrated by groups of scale 
models, has been expanded by im|>ortant additions. 

STORAGE 

At the beginning of this fiscal year, the National Air ifu^um was 
busily continuing shipment of Us stored collection of aircraft, and 
aeronautical materials frooi the original atorage area at Park Ridge, 
Ill., to the Suitland. Md., facility, in order to advance tlie project of 
concentrating all the Jf nscum's stored material at one location in the 
Washington, D+ C., area where the proposed National Air Mnseum 
building is to be constructed. A target date of January 1, 1955, had 
originally been set for completing this transfer, but Musetim person¬ 
nel at Park Hidge, under the capable management of Walter Male, 
beat this deadline by four moiitlis. The final load wag dispLachod on 
August 27, 1955, and tho stornge operation there was tertniimt^ 
September L 

Meanwhile, at buitland the carloads and tmckloada of material 
were being placed in the storage buildings by the Suitland force di- 
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reeled by Stnnky Potter, keeping pace, both in efficiency and speed, 
with the hard-working Park Ridge craw* Tlie Ico^d. was stored 
on September 9. Moat unfortnnately Mr. Potter was severely in¬ 
jured during the uiiloadiiig of one of the Snal deliveries and has not 
been able to return to work. 

The congtniction of the largest of the Suit land buildings, which 
will serve m a shop for the restonition and snbaBsemblj of aircraft, 
was begun October 1 and completed January S7. This is 200 by ISO 
feet in area and will accommodate metal and woodworking machinery^ 
engine'hattdling devices, stocks of material, a spray booth, a fabric 
and fiheet-metal shop, and other equipment. During the period of 
about seven years while these aircraft were at Park Ridge they were 
unavoidably subjected to weather exposure and handling, and fur¬ 
ther alfectj^ by their recent disasaembly and shipment. With the 
expectation of ultimately obtaining an adequate building for exhibi¬ 
tion of tliG National Aeronautical CoUectionSj it is vitally necessaiy 
to conduct a continuing program of preparing these specimens for 
durable, autlientic, and attractive display Ln that building. 

By the close of the fiscal year a force consisting of a foreman, two 
mechanics, an assistant for maintenance, and an aide had been en¬ 
gaged for duty at Suitland. TItey were setting up the individual 
sboj 3 s, sorting umterml, and selecting the aircraft most in need of 
reconditioning. 

Other projects at Suit land have included the repair of vehicular 
handling equipment which was strenuously used during the aircraft 
unloading operations, the repair of roads, and the rearrangement of 
aircraft storage to clear one of the 4,{>00-9quare-foot buildinga for 
storing specimens of the SmithsonianNational CoUection of Fine 
Arts and Division of Engineering. 

Tlie four Museum airplanes that were flowm to Wsshington have 
remained at Andrewg Air Force Base where they landed. They were 
moved to an end of a runway and at the close: of the fiscal year a fence 
was erected around them to protect them from damage. The dis¬ 
mantling of the aircraft for storage of their parts at Suttland is the 
first project of the next fiscal year for the Suitlond crew. 

INFORMATIONAL SERVICES 

The supplying of information on aeronautical history | technical 
developmcnl of aircraft; details of aircraft structure and operation; 
thd theory of flight; the collections of aircraft^ engines, and flight 
equipment in custody of the National Air Museum; biograpliies of air¬ 
craft inventorg, designers, manufacturers and pilots; and the fur¬ 
nishing of photographs and drawings—these and other infomiaticmal 
ffiTvices require a constantly increasing amount of time by the staff 
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of tlifl Museum. These miuests come from visitors to the Mubsuid 
who are interested in Torious details of the eshibits, from authors^ 
engineers, historians, teachers, students, and others whe^ need for 
RuthoritatiTO information leads them to this national depository for 
aeronautical matorlals. 

Among the numerous requests for assistance and information re¬ 
ceived from other Goverrunent departments one of the most intemting 
is the milking of a historical film by the Navy Department, Bureau of 
Aeronautics^ It is astounding to realize tJiat the evolution of naval 
aircraft from tha first dS-mile-per honr 40-horsepower “hydi'oaero- 
plane” of 1011 to tlie current supersonic jet-powered delta-winged 
fighters has taken place in the adivo life span of a number of naval 
aviators who retain keen recollections of this marvelous progress. In 
this motion picture the memories of theso men are being recorded and 
illustrated by actual scenes taken from film records^ Tlie head curator 
wai 5 appointed a technical director for this film, and it has b^eo a 
fascinating experience for him to listen to these stones in the words of 
those persona who were ndually there when history was being made. 
For a number of scenes the Museum bos supplied specimens wliidi not 
only stimulated recollections but also illustrated the vivid descriptiongp 
The Navy also requester! assistance from the Museum in determining 
the identification markings of carrier-borne aircraft of the 1030V, in 
recalling details of the first aircraft landing aboard ship, and in dating 
early catapulted takeoffs* 

The Coast Guard is filling in the history of its aircraft, and was 
pleased to obtain some needed illustrations from our reference files. 
The Department of pTustice, investigating the origins of inventions in 
order to defend claims against the Governmctit, was shown on a 
Museum specimen of 190t^, the Olmsted monoplane, a ’[rrior develop¬ 
ment of a higli-ospect-ratio elevated stabiliEer, and woi^ interested aLso 
in the use by the Japanese oo their transpacific incendiary balloons of 
a means for automaticiilly releasing ballast and explosives with 
aneroid-operated relays, as evidenced by an example in the Mnsenm. 
The Central Intelligence Agency was also informed about the^ 
Japanese balloons. The Air Force^ in assambling a history of Mitchel 
Field, was furnished with data and photographs of early air races 
held there, and the Signal Coq>s, proud of th^ first military airplane 
exhibited in the Museum, obtained help In describing its teclmical 
details and historr, A consulting engineer for the Atomic Energy 
Commisaion was shown, in the files and library of this MuEtcump niimer- 
ons accounts and iUusfrations of flight-training devices to assist him 
in preparing a cnrriculnm for employees. Tlie TreaEmy Department, 
preparing Defense Ronds advertisements featnring famoiia Amer¬ 
icans, was shown numerous biographical references in the National Air 
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Muslim fiiea, and several to BUgTuent its progratn^ Tbe Yoic^ 

of America made a ntimbcsr of phone calls to the Museum to check 
on details of scripts, and the Civil Aeronautics Administration re¬ 
ceived help fell suggestions for the making of ^als models of airplai!f?s 
used in accident investigations. Th^ are only a few of the many 
requests for assistance received from Govemineut agencies^ Scveml 
Congi-ossrrtcn inferred their coustituentB to the Jluseum or received 
direct assistance in answering inquiries about historic airemft, and 
a research worker from the Bureau of the Budget was aided in hia 
study of the history of aerial photography. 

Seventeen schools and colleges w'are assisted in preparing their 
aeronautical coursesj and numemus teachers and students consulted 
tlie Museum for facta about many aircraft and related subjects. 
Authors and nn illustrator from the Civil Air Patml were showri some 
di>ciiineut3 on aviation engines and propclletB which aided thejn in 
preparing testa. Acroxiautieal orgnnizationa that consulted the Na¬ 
tional Air Museum included tlie National Aeronautical Association^ 
Royal Aeronautical Society^ Institute of Aeronautical Sciencesj Air 
Transport AssociatioUj Air Industries Association, Waslungton 
Junior Chiiinl>er of Commerce, and tlie National Aviation Education 
Council. Several lecturers were assisted in preparation of texts and 
in illustrating their talks. 

Among tlie many interesting projects with wliich the Museum as¬ 
sisted w^ere three motion pictures, the producers of which have es- 
pi'essed their appi^ciation, not ouly for kelp in reproducing accurate 
copii^ of historic aircraft, but also for supplying authentic facte for 
tlie scripts For ^^The Court Martial of Billy JlitciiBll” help in costum¬ 
ing was supplied from actual uniforms of Mitchell preserved in this 
iluseum. The Spirit of S^- Louis itself was measured, photographed, 
au[l examined in detail to insure tlie accuracy of Uie copies of that 
airplane constructed for the iiluL tliird liJm pi‘oject was the 

story of the Wright brothers, and only in this Mu^um could the 
teclinical directors ILnd three original examples of Wright brotbars* 
aircraft, and. a group of juoflels from wliich they could scale details for 
the rcprtKlnctions they planned to make. 

The list of airlines and aircraft manufacturers who were assisted 
in writing their own comi^ny histories inclndes several whichj but 
for the Museum records, would have left gaps in their texts. The 
publications that were given assistance include the National Geo¬ 
graphic Magosine, Our Wonderful World, Render's Digest, Life, 
Saturday Evening Post, American Aviation Daily, Pegasus, Skyways, 
and Si)enyscope. Numerous authoiB and artiste based tlieir work 
on MuBeum piateriaL 


110 ANNUAI* REPORT SMITHSONIAN JKSTmmONj ISSfl 


Maintaiiiitig this informational service is a task that hm proved 
its worth as evidenced by the needs and mponseg of those assisted. 
This Museum is becoming increasingly recognised es a unique source 
for authentic information, as embodied in the aircraft and other 
HXTeeimens, the documentary files, the photograph coEection, and in the 
expert knowledge of the staff. Ec^iu^ts for tliis semce are increasijig 
os it becomes more widely appreciated. An upsurge resulted from the 
pubEcation of un airticle describing thds functioii/ 

Tills service has come to require more staff time than any other 
duty, and yet those otlier duties must somehow be performed, esi^eciaUy 
when they involve administrative rcfjuirements. Time must in some 
way be found also to maintain the collection, both exliihited and stored, 
and the associated records, to search for new- material, to write tests 
and other descriptions of aircraft and aeroniiutical objects in the 
Museum, and to study. This constant searching for facts involves 
not only the actiuirod specimens, but also texts, both historic and cur¬ 
rent, in order that the ^.aiT's pci^ital knowledge and familtiirity with 
the collccOon—an intangible tliat is as valuable as any ^pDcinien—may 
be constantly increased. Thus, the need for adequate faciliti^ for 
the National Air Museum—u building, equipment, and staff—bBcomea 
increasingly emphasized. 


PUBLICATIONS 

By the end of tlie fiscal year all work on the ninth edition of the 
Handbook of the National Aeronautical CoEections wsis virtually 
completed, and the book came off the press in mid-AugusL This 
Handbook ig a general histo^ of iteronaudcs, as illustrated by the 
principal apecimeus in the collections* It contains 166 pages of text 
mid ^20 illuatrations. 

Ih'ogi'ess this year on the Catalog of Aircraft has been principally 
til rough the procurement of photographs of each of ilie airplane^ sea¬ 
planes, gliders, rotorcraft, and experimental aircraft in the col lec¬ 
tions, and the assembling of data on each, preparatory to condensing 
each item to a concise description. 

Several of the information leafieta that describe individual air¬ 
craft in the Museum and are us^^d principally oa inserts for cor¬ 
respondence were revised and multigrapbed* Despite progress with 
au|>ersonic aircraft^ correspondence througliout the year reveals that 
there is ^tiE widespread interest in tlie moat baste of aircvfift, tlie 
kite, for both practical uses and sport. Tlio Museum exhibits a num¬ 
ber of oriental and domestic kit^ including some that w'ore made by 
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a«ronfi.Mdciil pioneera during Oieir early esperimeute. Assembly of 
material for a publication describing thein bas progressed during tbe 
year, and promising I^ids flje beiug investigated for the procurement 
of several types of kites tltat sl^ould be obtained in order to complete 
the series. 

REFERENCE R4TERIAL AND ACKNOWLEIXJMRNTS 

Documentation of the collections is an important procedure, in order 
to authenticate the ei:hibits and norjuire authoritative data from which 
labels^ catalogs, and other tests can be prepared. This material is 
also essentinl for answering tlie thousands of questions received each 
year and for serving tliose who t^omc to the AIuEseum engaged in re¬ 
search. Realizing that the has need for such material and 

has facilities for keeping it in ready “refer e nee form^ n number of per¬ 
sons and organizations have transferred reference itenui to this llu- 
scum- Appreciation is expressed to the following: 

AlCfcO DloEflV^ An asaortment of photo^plis find tents* 

Eii?qiilred In enanevtloQ with pabllcatlon iff IhJs fnagazlae. 

AifECiLArf iNUUSThtca AssocolTioSh VVaEMneton, D. O. (throiiEh ^fOTejib Qetitifig): 
The AJreroft TeartnwlE for 1055. 

Aprufttwftr Ithacfit N. T.: A group of flcale (Jrawingg by Gene Selmildt 

UJnstratlcg TJ. S. fighter alnilfinsH of the ]BaO'a. 

ItAniv CuAiizH A.+ CJleTuUmd, Ohio.: Three name plates from nircTAft: Americnti 
En^lCp Keajuo find WllUanis, nnd UneaLn Page. 

Boweab^ rETEB, Seattle^ WnshrT The lonn of a large collection of phatogmpha of 
World War 1 fifrcralt, from wldeb copies were mado lor the Mnaeuni files. 
Caabutieehs, Joh k p Cla remont^ CallL; A mierolllin of a coUectSon of doenmeuts, 
aiinoimvemeaia, posters, and news accouuts of hnllnon as^nta dining the 
nineteen tb centurV. 

BallTp Comdb. F. R, USN, TVashtiigiton, D. C.: A pbotostatic coRy of Mogga 
Brothel^' catalog, London, IKS, UlavtratEng and descrltUng a CDlleetlcin of 
aeronnntleal prints and textEs, 

1>bak:&, Col Wm. Q., USAF^ WaaliloEmn, B. CL: A pbotogratili! of the Aero 
C^ominaiider, pre^denlial airplane^ ftots^gt-apbed by rresldent Dwight D. Eisen- 
bowerp Colonel Drai^Ci pilot, and MnJ- John W. ^itoboll^ copilot. 

Eaao Avlatiopt News Diocst, Now Tort, N- V,: 103 bound volnmes of aviation 
tnagazibes, InduiUng Aero Digest, Afr Transport, Ariatiou Weeh, AenuilAne, 
Flight* Avlntloii, and others. 

Gross, l\ M., Frlncwtonp N. J,: CopEes of Ernst DiieU FlIeECvlehen* Tbo 

Skycraft Book, and The Jiteeond Boya' Ibwik of Model Airplanes. 

Hamiltoiv, Edwabd G.p DeartHJiT], Mleh.: ms Ulght log, UfltUig fUgbta In the 
Ford-Slont Liberty-engine ^Alr Ftitltnan,” during 1022-25 when tbe airmail 
and Lranaport route esthbllfibed hj Henry Ford was pioneering Dpemtions 
between l>etfiu|t, ChieagOp ami Cleveland. 
mnoEHTT^ BK 1 I 0 SX+ Frankfort, Tnd.: A acale drawing of the Kien:|Kjrt-2a, World 
Wftr T F^en^:^ pnraiilt airplane. 

He.vMp Bennebrnek, ND, The Netherlands: The U^ao of 00 pbotograpbF 
of World War 11 alfcraftp froio which eoples wore made for the Mutpemn flies. 
HlLDrjhFlEQi, Eiis, Foirflold, Conia.T 12 books on ncronautics and two t-oples of 
American HeUeopter-. 
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Ku^MTNt MHa. Ethel, Or&envHicU, Coim.: Record i^ertatnliig tw nercids^ftmtc 
tests performed by her bHsbsjid, tlie lata Dr. Alexander Klemln, noted aero- 
miiidcn] ungln&QT and t«nebcF. 

Lwis, C^PTr R. A„ N. J.: A 3-Hlleet jihF^toatat copj- of the nftTl^tor'B 

rooortliiiF the fllptit of the U. 3. Air Forec B-29 bonsb&r FnoZ^ August 
B, 1345^ when It ciLfried the flrat atonde h^mb to be ilropiicd in warfare, oTer 
Hiroshima, JaiaiD. Captain I^ewU was copllcit on this dlghL 
Lorruoa Ti^rSp London, England: 'The Times Survey of BHtlEih ATladoij,” pre¬ 
pared September Iftliri; review of lilstorieftl find cnrretit deTelopments in alromf E 
enslncs, a3riwrt«. ami relaterl uerrlees. 

MacCaittee, CtLABU^ OrlBJidOp Fla.: The Inan of e of negatives, frruti 

wIlElJi prints were made for the^lusehin dSeB, illiistrating nirploncs and flights 
at the drwt mHlrary aviation sehool and field, College Park, MiiL, 4fll0-14, 

KoBPcEEfr, Denver* Colo.: A scale drawing of tlie Urothora Coini»anr 

Dlrplanef type of 1&14. 

NietOh JosEFn, Ran Antonio, Tei,: Scale ^Irawings of the U. H. Army Air Service 
Ctlrtijvs RSC~2 Rarer of and the Air Corps Boeing P-2G of ItiSB. 

Nte, WlLJUe Lr^ Hayward, CaUL : A aeale drawing of the Douglnri IVojrltl Criil(f?er 
airplanOf flo^vn by pilots of the IT. S, Army Air Service on the first flight 
around the worlds ir^A 

PoetiLAi MizeuANio^ Mn^nAzr-vri, Chicago, HI.: A drawing eh owing detiiile of tho 
irinnlff airplane* tneindlng Its engine and ^tiEierchnirger instaJEatlDD, and 
the stratosphere salt devised by Wiley Pont 
ILicnAftDsoy, Chahles H, Flebron Conn* (through his wife and Walter D. Sher- 
wcMid) : A cfjpy of "3^ieppeE^n, fahrt mn die Welt/' on Illustrated aocotECE of the 
voyage urooEid the world by the Graf Zeppelin airship, 1329. 

StrsiPTEa SifiTUp Mas., Washlngteu, R €.: A sericfl of flerapbooks maintained 
by her from 1324 to ret^iifdlng aeronontfeal cventfl nf those years. 

U. S. Am Fosce, WriKht-Pftlteraon Air Force Ratie, Ohio: A qnantlty of Technical 
Orders, lllastratlng In detail the eonatroetton of a nmnber Of receet lypea 
of aln-rflft In ase hy the Air Foreft, 

U. S. Cn-^fiT OiJAsn, Wawhltigteti. D. G. (thrtmgh Norman Rahin) ■ A serlea of 
photographs illustratlTig tyiJes of alrcrnfl tiFod by this flervice, 

V. 3- Navy* Washington, D. C.: A net ef scale drawliij^ of the CLirlias N-D sea¬ 
plane ttFcd during World War T for the training of naval stiident avia tors. 

Yaw WitrisiijLs, fiLctapf^en, The x\ethcrlaikEliii: Three huoks on acrohantlcal his¬ 
tory—from Icnrns to Zeppelin* hy Edgar Fold; xVijIpalcn i:^H]esEonca), by C. 
Vnn Steendorenp describing olrjilunes and BcapTanes prior to ISlfi; and Zlj 
Maakten LuchtvoarEgeiM-hledenls, by a Van Steeiideron, Jr.^ describing air¬ 
planes ELDd seapiiftnes of the period 1310^ 

\ EmiiTLixE, AnrsEn V.* Washlnglup, D. C. Dewcriptlotia aniil drn wlnga of the ''Mes- 
senger” airplane designed bj the dunor, 10(20 j one oC the eurnest siij>ce$sfiil 
mTlRflry llaLFsrm and siMjrt tyjfesi 

WKHTt.TOtioi/si: KiJXTuiir CmtPfiaATiciSp Knnsoa City, Mo.: A drawing of the J^34 
turbojet engine* produced by this company, 

WoLFreonSp ILa^b J,, Stiffern, N. T.: CE^liiea of the tnagnzlne Flugsport. 

The JttiseuiR is also pleasetl to ncknowlodga the cooperation of the 
AcadeniT of Hodel Aeronantica, J^ational Aeronautic A^socintiou^ 
the Nationul Advisory Conunittee for Aeronautics, Harvey Lippincott 
of Hebron, Conn,, Jolin H. Lundfpieii of St. Atbnns, N. Y., Robert P. 
McCombof MouJtrie, Ga., Chris Bielstein of Arlingtoti, Va., and Ray 



&E CE ET Airr B BEPOET U 3 

Fife of Coronado^ CaUf, in improving tlio documentary files by gifts 
and excliangeg of magazines and other data. 

During tJio year a small room in the AiiTnift Building was cijulpped 
as a depository for reference itemSr and os a study for use by members 
of the staff and viaitors. 

ACCESSIONS 

Additions to the National Aeronautical Collections received and re¬ 
corded this year total IIB specimens in 45 separate accessions from 37 
Bonroes, Those from Government departments are entered as trans¬ 
fers; others were received aa gifts except as noted. 

ATcmswit, A_vnio:rr, D. C,: Gtouii of nlreraft iqiiadron 

Lnsi^aia llluEtmtlDg; Elio devlcoa HUoptod by UdIEb of tlae First PurinUi Groups 
G. Arajji \n WgrJU War I; and fomr plastor BOTUptarea Eliowlng pTimltWo 
fit gods In the tllttite, Aj^yrinu^ BaLylcmliiDt and Egyptian 

(JJ. A M. STO.pnrchiiEMlJ. 

Aurtwito 05. or Amsbica, i^anudelphin. Pa, (tbrooj^b FrAtikUn lirstEtate) : PSt- 
cnlrn autogSro, Eho alrtrafl of Oila tipe constracted In Amerit.'iit 10^ 
(N.A_M,Si^3, 

Bm u AntciiAt=T’ Coup., WIcliitH, KRna.: BcfUe-iuiiKlcI atridapefl, 1:10, one OlnH- 
tmtlng tlie BeiN^bcrAtt EonaniLii DlrpTAno Bce&k la whicrh WQltam Odom 

flew from Hnnoluln to Teterboro, N. iMarcib T-8, la-ifl, estabTishins A fmiIo 
disEanep Fec-^ord mlM in honrB 2 minutes, and In wMcb the Honor- 

Bh]& Filter F, Mack made ft Bob flight around the worldn OcL 7, lOSl-Feb. t, 
iari2, visiting nritlnns nud flying-mnro tbaa ao,(K)0 inllea in the latereats of 
InterufttEouftl good wlU and noqoBlnttu.!: biinsetf with eoDdlUoun In other eoutl- 
tries. The other model is of the Beeeticraft Super 13, twin-engined 

monoplane In eiirtenE pmiluellon A. M. SflS). 

Bom-va, Takoma Pnrt, Md.; Repllcii of aa metor derli^ nnd 

oonslruoted by the flouur In ID 10 (N. A. flt. 1102), 

BntfJ, Mb?. Thos-i Boyc&,. Va, i Uniforms and nillitarj (H^uipmont of the Into Grn. 
Wmiam. Mitchell < N, M, 8S1) ^ Two sworda be]Dug[ng to General M Ittdiell^ ono 

having been presented to him by his uncle In when AlUebpIl waij promoted 
from private to Ueulennnt during the Bpauinh War and became tim youngeat 
offleor In the Artaj ; tlio other, hla service bwoM (N. A^ M. 004). 

Claak AliTOMomiE Mdeectu;^ Southmupton, 1.^ N. Y.t Two aircraft engines, 
ftn Aa^iiint uud U. Caminca {K. A. 11. Sfl6)+ 

Cc^vugncc, I>EP.ta™iaT nr, Civil AiDwaATmnB AnMXTciHTBATiDTf, WaBhlngton* 
D. d I Two nlrcraJt beacons of the type used when the national airway a were 
first established (N. A- M, SflS). 

Da Floilez^ Anai. Luia, Foinfret, Gund. : A group of early aircraft iDstrumCutS 
which lie aByiated in ileveloplog during the World War 1 period^ and a Etonlel 
rotary, 2-cry cle aircraft engine (N. A. M. SOfl). 

D(apiil.AB AranaiiT Ca.i Irfcr.p J5anta Monica, Calif.: Scale modelB^ 1:13, of the 
P4D-1, SkjTay^ and the A4r)-1* Sky raider, Ulustratlng irurreut types uf havilI 
Cftirlcr-ba^yed ilghUng and attzirk rtin^lAnes (N, A, M. 892). 

Eck, W. Jonh\ Arlingtcm, Va.: The first pns 0 en;;cr ticket sold for the first cofm- 
mercifti nliplane flight over the NorEh I*fiTa area frem the United Smtea to 
Europe, by the Seandlnavian AkUlieA System, Inc., Nov™ her ISr 11354. The 
dfaor had the distinction of being the first passenger (N. A. fil. S75). 
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FAiiccHUJ) E3r(H2rE & AiETLABre Hagcrstowii, Md.: iuocIeK 1 : 4Sp illus¬ 

trating the C- 11 & nnd 0123 carpi.^ plHhes rsGeniJy pmdnccd by this) eoriiomtlaii 
for the ArmoEi Fences {N, A. M. S74). 

Gasbek, Pacti; E_^ Wa&hlos^oD, D. Q.l An nTlator^a heLnet with eIt 

tubes^ hosca, and mouUipleee uaa^. for ihStnu'Ettiif atudent pilota (N, A, S>J3)+ 

HaoleTh Cxitto:? Rendlfigk I'a.: A roll of “Penaoloth'' develoiifrd by the Penn- 
ay 1 Vania Robber Go. dDT3tke tb& early days of Aylns, as a spei;lsJ fabric 
for coTPTiDE the wrings of alrp^DiiCa. Tbis type of fabric ttos used by macy of 
tbe Early Blrcis, itioludlog the donor (N. A. M. 

HAUTHo^p DnANp Dearboria, Mlctu: Stonrinuo-HAniiDoisd atrplanex a type de- 
veioped by the donor in the eurly iVliSO'a whv.n the Dopartniont oC Commerce was 
encDuraEiuE production of economical atroroft lutended for prlrato flying 
(N. A M. BSfl). 

HABTAtAR, A. X< Burlingtonp Iowa: A HoLierta ultplane eogloep 4 eyilndors, CO hp., 
together with the aasiDtclnted radiator and propeller that fEirmed tbe power In^ 
etfcillatlon of an airplane of 1911 flown by the donor (K. A, 873). 

EjtV, Af^ESTE and Filed, Alerldiali, Jhhid. : Tbo 07fl Jfhsi, GnrttfH Hobln monoplane 
whlchp Jftine 4-Jttly Ip 10(35^ eotubllsbed an offlclai ondorance record of 953 
hours 34 mlantea contlnuoiiE flighty reftlcled in alf tN- A M 4 SS-7), 

KifAbiffiascTE# RoYj PaBadeuin Calif.; A replica of ibc dirigible alr&hlp which 
ho constructed Ui IflOS and pQoted over XeW York City, that bcLiig the flrrt tlmo 
a poVh'ered ntrcrlLft had flown over thnt tnetropolU (N. A xM, 

MauRatit^ Chhibtt, Berkeley+ Mo. : An early fljina model airplaue of abont 
1010 and a fitrnctnral nuit of tlie D. S- Army's Ooodyonr liS^l airship of 1032 
(N. A. M. 994). 

MAff^LEfTK^ Estelle;, ijc^og Bench. CnJli.: Tbe flrat type of pin Identifying mein- 
bcTB of the Ninety NEne'fl. organization of womea pilots of which Amelia 
Earbort wns cofuuudcr. Tbe donot was past comiaiinder of the Amelin Ear^ 
hart Post #679^ American Bcglon (N. A. M. 871). 

MrrCAUp Dil G. W..^. BftUljnnre, Md.; 10 scale niodeia^ 1; 24, llEuatratlng alr^ 
planes tiBed In World War 1. Incltiding English. French, and GermnD lypeo 
(K.Air. 

Navt^ Detautme?!! oy THEj Washington, D. C-: The original ground'Bpeed aod 
drift Indicator developed hy Barold Gatty and used by him wheo. as navigator^ 
he flew around the world with Wiley Post, Jmie S^-duly recolTod 

from the U. S. Naval Obsarvatory (IC+ A il. 897). ^'etia mod^, 1:16, of 
the Curtiss SOC-3 airplane, one of the final types of biplanes used hy the 
Na^y, several having engaged the enemy when Pearl Harbor was attacked 
In ItMl (X. A. U m). 

NESSc^t John, FEeasant Valley, Conn.: A 6‘Cylinder Monaseo aircraft ethgine, 
this example bovLog been nsed by Charles Liodbergh in the Ml lea "Mohawk” 
airplaue that he ptirchasei] and Hew In England hi ltlE37 (N. A M. 000)* 

Noarn Au^atoAN A^XATrox, iNO.p Los Angeles, Calif.: amle modeV l:10p of 
the F-ll)0 Snporsabre^ the flrat flghtcr to attain atipersohic spoed Jn level and 
climbing flight. For the development of tlila airplane the duuor was the 
recipient of the Robert J. CoUler Trojihy award for 1953 (N. A. 011). 

tlLnxRp RownAwn S., WasblngtoDt D, 0.: A toy given to the donor in 18S0. 
illLLstraling asi early caiicopt of a foot-propelled paniebutellke aircraft 
(K. AM. S90). 

OLUfiTia, CiLAE. M.p TEE Fa&iilt axu Ehtatr un An originAl full sized ampblbb 
aua aircraft develo|}ed 1000-12^ lncan>arat[ng umuy advanced features, In¬ 
cluding retraccable wbcclap vnriabte-cambei- wing, and elevated high-ospect-ratlo 
tuU plHfio (N* A. M. 872). 
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Olvsthj, JonjT Mlamj^ Fin,: Tlie orlgtnal wind-tunnel model of no nm- 
ptilbloug twta-pufilier monoplBne dei'elul^ed br his f nthef* ■ChArfes M. Olmsted, 
1909-1012 (N. A, M. 800). 

Pabkee^ Wm. D., BarElwrlUet Qklfl.: An ElbrWee a^eyllnder airplotie enj^ue 
ns^ed bj donor dorlni? some of hSa early 1930-12 j nod a. IrHwmnoe 

2-cylliiderflppneed aircraft cd^do develofujd for Inatalintlon In tbo ^Teo^in”' 
eUpped-ivin^ tr^tniug alrplaDes of Worid War 1 (N. A. Mr 60T), 

Pflbteji, Mb a . Ajithub, A?rpen, Colo.: A BcB F-30 Alracobra airplane^ A flgbtor 
type developed for nae La World Wap II, iMs example having been pHoled 
by Ibe donor (nee Bttty Hans) In [HMtft^ftr air races (X A, H. 87fl). 

Ponra, He^bt G., OarElen Grove, Calif.: acnle model, 1; 10, of the Tumer-IiiilTd 
special racer piloted by Raecfle Turner when he won the 19^19 Thomlisoti Trophy 
Bane at nn nrerBgc speed of 282-53 iil p. h., becoming the only pUnt to win 
tJiia famous trophy three UmcO. ( JT. A. M. 90n). 

Post OrvlOK BEpjutTMEKTp Waaliio^oDp Dr C.: A mall bag need in the Postal 
Aviation Service On the first oontlnTioiia ^beduled pubUe-flenlce airmail 
male In the world, Xew YorIc-PbUadelphia'TiVBBhIngtoti, 191S (N. A. M, ^9), 
An airplane propeller, mnhoganyn from one of the alrmatl tdauea operated 
by the Pootal Aviation Service over the trariscoiitlnenta] mad foutei? abont 
1925, used with A Liberty engine (N. A. M. BPS). 

Hjckee, BEXtBAED, Wflihlngton, D. £1 1 A mall bag and post Card dropped from 
the German alrahJp Graf Zt^ppeUn when It circled over Washlagton after 
making ita Urst trftnaatlantlc flight from Germany to Lfltebnrst^ N. J., October 
15, 1B28. The donor, then 13 years old, caught this mall hag and took It to 
Gse F-iwt Office where Its c^mtenta were forwarded (N. A. 912). 

SrotTT, Wm. Rr. Phoenix, Arli_: A group of five early and eiperlnientnl aircraft 
modelB which the donor coilecled or eonstructed. Illustrating elementary heli¬ 
copters of the late nineteenth century, and gliders constracted from deserlp’ 
tlons by Octave Chanute (K. A M. 8T8>. 

Toirijro, WillIaxi, Akron, OWoi Scale modcla, 1:48, af two guided mlBSllee, 
the Chance Vonght and the MarUn B^l “alatador,” which are in 

current production (N* A. 991). 

UNiran Ajecbatt Coep„ Pieatt a Whttbey AracBarr Divteio^* Hartford, CottU, 
(with asHtetance of Harvey Lippincott)! A Bendtx fnel Injection unit of the 
typo u^l with the Wasrp Major R--i3ll9 englnefl (N, A if. 882). The otlglon! 
example of the J-57 twin-Bpool turbojet engine, a tyfie selected to power 
several supersonic flghtera of Hie JJ. S. Air Fonre and Navy and recently 
developed tanirers and tKirahera+ Inclcdlag the Boeing *07 ntid Douglas DC-S. 
'flje dealgaer of this engine, Lieimard S. Hobbs, was nwErded the Hobert J. 
Calllcr Trophy for 1952 {N. A. M. 8S5). An R-2(KI0 2SD1[W3 alrriaft engine, 
the Prntt A Whitney Co/a one-hnndredtb experimental eaglue which served 
as a basts for testiiig many Improvements In dcRlgn. TbEs type lu^nJIed In 
DC-4 airplanes mdFje nlrcrafE history as the prtncliiat powerplant of the 
famons Berlin airlift (N. A. M. 890), A fulbalzed sectionalixed lurhosoper- 
charger of the type used In the Boeing B-IT fluperforiress bombers during 
World War II to enable the engines to operate efficiently ftC hl^ altitudes 
For developEneJit of the tnrlMsupefCharger Dr. Sanford A. SIoss, of ibe General 
Electric Go., was awarded the Robert J. CoUlet Trophy for 1910 (N* A, U. 
891). SjKoaaKT Aikceapt DmaroX; Bridgeport, Conn.: Seale models l:4S, 
of ibo n-5 nnd H-lft helleojiterB. In curteai ftarvlt?# tN. A. II. 897), 

Bicmro Aift Le^es, Chicago, IIL: Dniftirm of the type wom by the first stew* 
ardesf^es of this airline which wea the first to employ them, 1930 (N. A M. STO). 
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VcnjanT, Ctt^nc^ Ajbcila^^ Incl, DuIIas, Tex.; A sralt modoli 1: Uie Navy 

FSU ^^Cmfifider," e cnrretit i>f cariief-bE^ed EupemmLe A. M. 

909). 

WauEN'A National AEaDNAunn AsBociATiaN (tbioiagli Mfg, Clicst^r Bleyerp 
TnlHA, 0}Ua^) i Scalo model. of tlio WiUiam Bl Stout Llbocty-onglced 
"Air FuJKtnaii'^ ivith which Contract Air Man Bonto #1 waa InanguraE^d by the 
Ford Motor Co. hetwoen t^etroLt and Clereland. J02S CN* A, M. S77). Sorim 
scale modelo. 1:16; Uliistratiiig AtTiiLattea down in compatltian and In World 
War II acmoe hj Jacqnelinc Cochrane (N. A. M. 910). 

Eespectfully submitted. 

Paul Edwabd Gabees^ IJe^d Cursor, 

Dr. Leonaud CahmickaeLj 
S^creta3y^ Smith^nian Institution. 


Report on the National Zoological Park 

Sm: TrEtnsmStterl lierewitli is a report on th& oi)«r£itioTLS of the Na¬ 
tional Zoological Park for tlie fiscal year ended June 30j 1D56. 

In dl, 742 accessions^, comprising 1^710 indiTidiml nnimals, were 
added to the collection duriBg tli& year by gifts, depositj purchases, 
exchanges, births, and hatchi^gs^ Among thege were many rare speci¬ 
mens never before shown in this Zoo. The ndjition of new kinds of 
animals eiiliancea the value of the collection, which ia maintained not 
only for eadiibition but also for research and ediicntion. Opporluintics 
for research are iilTurded students of biology, particularly vertebrutc 
zoology, as well as artisis, photographers, and writers, hletbods of 
study that do not endanger the wolfaro of animals or the safety of 
the public are encouraged. 

In addition to the i^egular diversified actmties of carrying on all 
the operations of Uie Zoo, the services of the staff included answering 
in person or by phone, mail, or telegraph questions regarding animals 
and tlieir care and furnishiitg to other Zi>os and other 

agencies, public and private, information regarding structures for 
liousing aninmls; cooperating with other agencies of Federal, State, 
and municipal govermnents in research work; and preparing niianu- 
seripts for publication* 

The stone restaurant building, which was constructed in the Park 
in lUlO, ia leased at $34,452 a year. This money is deposited to the 
credit of the Collector of Ta^ceg, District of Columbia* 

Elton Howe, for many years a watclt and clock repairman in 
Washington but now associated with the Diumond Ordnance Labora¬ 
tory at the U* S, Bureau of Standards, gutieroualy presented to the 
Zoo the 4^faced, S-day clwk ihat had stood at F Street near Thirteenth 
since 11)22. Mr. Howe put the clock in first-class condition when it was 
installed, and plans to maintain it in running order ns long as he Ciin 
do so* It has been set up at the intersection of tlie concourse on tlio 
main road tliroiigh the park, and was started on Monday, June 4,105S. 

FINANCES 

The regular appropriation for the fiscal year ivas $^60,300, which 
is carried in the District of Columbia Appropriation Act> Tliis 
amount was supplemented by $21,GOO, which was transferred to the 
appropriation in accordance with Public Law 04, to cover pay increases 
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made necessary by the Federal Employoes’ Salary Increase Act of 
1956, approved June 23,1055, 

THE EXHIBITS 

Animula for exhibition are acquired by gift, deposit, purchase, ex¬ 
change, birth, and hatching, and are rcinoTed by death, exchange, or 
retuiii of those on deposit. Although depositors are at libetiy' to 
remoTc tlieir specitnena, many leave them permanently. 

As in any colony of living tilings, there is a steady turnover, and the 
exhibits are constantly changing. Thus, the inventory of specimens 
in tJie collection on June <10 of each year does not show all the kinds 
of animals that were exhibited during tije year, for Rtimpiit n etf 
creatures of outstanding interest at tbe time they were shown are no 
longer in the collection at the time the inventory is made. 

The United States National -Museum is given jfirst choice of all ani¬ 
mals that die in (he 2oo. If tliey are not desired for the Museum they 
are then made avaliable to other institutions or scientiiic workois. 
Thus the value of the si>ecirnen continues long after it ia dead. 

The two pairs of young giraifes and the pair of young ganrs, as well 
as other animals brought to the Zoo In 193T by the National Geographic 
Societj-Smithsonian InstitntioTi Expedition, have bred so successfully 
that the Zoo has been able to dispose of surplus stock having a total 
exchange value greater than tlie entire cost of the trip. Such animals 
are exchanged with othei* ioos and with animal dealers for specimens 
that are needed for this collection. 


ACCESSIONS 


The Zoo is particularly fortunate in having friends who show their 
sincere interest by bringing in specimena or arranging for acquisitions 
from foreign count 

To obtain suitable animals for exhibidon extensive correspondence 
throughout the world and a great number of personal contacts are 
maintained. As a result it is frequently possible to obtain animals 
that are not ordinarily available through animal dealers. Some of 
Uies« are gifts iind some are obtained by purclinse. 


OUTSTANCme ACOUIsrrKShS 

“Firsts" and lyities are always welcomed, and the Zoo acquired 
a gratifying niiinbor of such specimeua during the year 
For the fii^ time this Zoo has a pair of European bi»n, or wiseuts 
(Bzsm which are tlie European counterparts of the Atner- 

icnn bison. M ^lUs are extinct in the wild, but a few have survived 
in captiv,^ or m forest preserves in spite of ware in Europe 
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After trying for severaJ jeers the National Geographic Society 
procured for tlie Zoo a specimen of the very ruro dwnrf amuidiUo 
{Burmeisteria retim) of the Bolivian region of South America. 
It was obtained by W.^ Frcrking^ a National Geographic Society 
correspondent keenly interested in the nndartaldng, and was flown 
from Santa Cruz, Bolivia, hj the Pan American and National Air 
Lonea without co^ It arrived in perfect condition, and while not a 
showy exhihition aniinal it la remarkable in form and appeumnee^ 
and its great rarity maki^ it an outstanding for this Zoo^ It 

may be the first to be alive in the United States. It is about 7 inches 
long. The pink color of the body shows through the sliell, there is a 
fringe of white hairs around the edge of the ahcll, and the hair of the 
undei'parts is white. The feet are pink and the front feet have very 
large claws for digging, 

Lt. CoL Robert Tranb, of the Army Medical EcseaTch Unit, who is 
now stationed at Kuak Lumpur, Malaya, again generously offered 
the Zoo a considerable a^ortment of animals, from which a few were 
selectedi. Tlie most outstanding specimen was a hnsang (Prio?wdon 
which unfortunately died only a few hgnrs before reaching 
TV&sbingtom It is very rare in the wild and is not known to have been 
in captivity before. 

The Fish and Wildlife Service, through the kindly interest of 
Donald L, Spencer in Alaska and William Tierre in Washington, 
made a noteworthy contributicin of an Alaskan brown bear {Ur^u^ 
ap.)—a female cub horn abtmt February 1055. 

The Army Medical School gave the Zoo seven chimpanzee of es- 
hibition quality. 

The National Geographic Society, through GilbBii: G* La Gorce, 
presented two beavers {Castor caTuidensis}^ the first the Zoo hag had 
for some dmcL 

Twenty specimens of a medium-sisic African galago {Galago 
ffol^nsis) were turned over to the Zoo by the Artiiy Medical School 
of Walter Ree^d Hospital, through Dr. J. A* Morris, after they had 
served Gieir purpose with the Medical Corps. They were in good 
condition and ars useful for both exhibition and exchsjigc. 

The Army Medical School also gave three Mongolian gierbils 
(Menme$ ung\dc?ul 4 ^lu»} j which are guJficientiy active during the day 
to be good exhibition animals* This species was on exhibition only 
once befoTCv 

Two intcregting African small mammals, a rock rat (Aeiho^ys 
kaiteri) and a ktisu mt {Ar^icanthus mlotieus)^ were j&piil by Dr* 
Lawrence Kilhani of ttio National Institutes of Health while ho was 
engaged in research work at Entebbe, Uganda. These small mammnla 
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hava oonsi durable external resemblance to some of tbe ratlike cieaturea 
of North America and are interesting for exhibition, 

A Himalayan snow cock {TBtTa&ffaUus h. Mm^thiffeTisia) was giyen 
tlte Zoo by the Fish and Wildlife Service through. Gardner Bump, 
who was then in Piddstan, and F. C. lincoln of the Washmgtan 
office. This ia Uie first bird of this kind exhibited here. It is about the 
size and form of n domestic cbinlrpn. 

The Fish and Wildlife Service also presented the first specimens 
of the sand grouse {I^lgTocles the Zoo has ever had. 

Two kea porrots (JV^star natabilia)^ gifts from the New Zealand 
Goven^ent, were brought north for the Zoo by the Nrn^l Antarctic 
Expedition, These birds were at one time threatened with extinction 
and are now rigidly protected. They have been successfully exhibited 
here for many years, but these two additional specimens ute most 
welcome. 

T^ea emperor penguins (Aptenadytes /ortteri) were brought to 
the Zoo by Hfiilcolm Davis of the Zoo staff, who accompanied the 
.^tarctic Expedition known as Task Force 43, He also brought back 
six pai^tic gulls known as skuas (OatAara^:;ta miceermicjki), Tha 
penguins died of aspergillosis within a few days. 

From Dr. Juan Rivero, of the University of Puerto Rico, came three 
different species of the beautiful little green anolis of Puerto Rico. 

The following were obtEiined by purchase: 

^ olin^, or bassaricyon (BassaHcyon paiM}, from the Laticia 
re^on of Colombia, For many years this rare animal has been sought 
in Central America and tiorttiern South America. It is a relative of 
the raccoons and kinkujous and bears considerable resemblance to 
the latter, hut its ears are larger, its tail is not prehensile, and its 
moTeijmntB suggest that it is probably more terrestrial than tbe kinka- 
jou. 0 % « few ^eeimens of this genus ate known from widely 
Kattered locations in Central America and northern Soutli America, 
This IS the tiT.st one of its kind eixhibitcd in the Zoo and probably tlis 
first to be alive in tho United States. 

Two young Sumatran orangutans (B&npo pypjnacua), which ba d 
deposited in the Zoo by Mr. and Mrs. Carl Krummel of Bal- 
timore, Aid. 

A male, a female, and a young Saiga antelope {Saiya tafarica). 

Fine specimens of male and female gelada baboons {Theropithetnu 
gelada)^ the first the Zoo has had for several years. They are rare in 
tho wild and are noteworthy among the primates in havmg a naked 
area on their red chest; in the f^ale UiJs area is bordered by a row 
of tubercles on tlie ^in more than one-eighth of an inch in diameter 
giving the impiession that sJie wears a pink pearl necklace The 
smgle apwies of this interesting genus inhabits tlie moimtakous parts 
of Abyssinia. 
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A South American tapir {Tapirm terr^e^tria) ^ TThicli giTes the Zoo 
a pAir of the^ rirer and swamp animals. 

A pair of rib-faeed deer^ or muntjats {Munt:{acu» jm^tjak), 

A pair of beautiful young tamandua aiiteaters (Tamand^ 

Two African wild dogs {Lycaon pMua). Tbo Zoo had some of these 
animals several years ago, but they are not common in captivity. 

Two bl □ ck ] agan na {/(icana spi7u>Ba ki/p^mdaens ). These tiny rela- 
tives of the rails have extremely iong slender toes and long legs^ 
and are well adapted to running on vegetation Boating on the surface 
of tropical streams and ponds. They are the first the Zoo has 
exhibited. 

A beautiful white-and-gray Guianan created eagle (iforpAnua 
ffuianenais) from the Leticia region of Colombia^ The specif ranges 
from Honduras aoid Costa ESca south to Argentina and Bolivia but 
is scarce throughout its range and very rare iu captivity. 

Two Inca tems (Laroster7ia mca)^ inhabitants of the coast of Peru 
and Chile, These ai^ the first that have been exhibited here and are 
attractive additions to the bird house^ 

Two wbooper swans {Cj/ffnm ^ inhahitanla of Europe and 

Asia, but now rare^ 

A fine specimen of the comb duck {S^rJeidiomis which 

inhabits most of Africa and southern Asia. 

A apecunen of an interesting Mnndiiit^s liawk-cagle [Sph€[€ti[a 
arnat^) * 

Sm'inam toads (Pipa pipa}^ These are the of these veiry in¬ 
teresting creatures the 2Soo has hud for some time. They are remork- 
ftblo for their motliod of rcprorliictlon—tlie male embeds the eggs in 
the soft spongy skin of the back of the female, where they go through 
the tadpole stage and emerge ns little frogs. 

A parrot snake (Leplophis cceidentalis) ^ from the Leticia region of 
Colombia* 

During the year contact was reestablished with a collector, J. D. 
Handmiin, in Africa, who has sent several shipjneiits of reptiles. 
Among the more interesting ones were flap-necked chamdeons {Ofui- 
TTiacUon dilspis}^ striped sand snakes {Psummophia aubtaema^wt) ^ 
sharp-nosed saiakes {RhampMophi^ Todralm)^ Egyptian cohroa 
{Raja haj&)^ African black cobras (Raja mel^inohuca) ^ boomslangs 
{DUphdidm typua)^ African honse snakes {Boaeiofn lineatum)^ and 
plated li^a^d9 {Gerrhaacmmi^ Tnajor). 

Several specimctis of the Amazon spotted turtle {P^do^^^wmia tmi- 
filia). Heretofore these turtles have been very rare in colloctions, but 
apparently the area in which they may be common is now being 
explored for animals* 
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By exchange wiUi the PhiladelphiEi Zoological Society a specimen 
of the Cape Bomsn goose {Cereopgis na^aeh.eil<indias) "waa acquired, 

A small but interesting collection of lizards and scorpions frotn 
the Florida Keys was obtained by exchange from Mr. and Mrs, Louis 
11. Babbitt. 

DEPOSITS 

This year, as in many years past, various individuids have depos¬ 
ited in the Zoo animals to irhicli they desired to retain title, Tlicse 
are most acceptable additions to the exhibits. Depositors are assured 
that the aninmis will receive routine care, but the Zoo assumes no 
responsibility and no obligation to replace any that do not survive. 
The following animals were on deposit during the year: 

A young red niari (Cacajao mbicundtis), deposited by William 
^nvartas. Ukaris are unusual in collections because they do not thrive 
in captivity, but because of the special care given this specimen it gives 
promise of surviving. 

A number of active young chimpanzees, on deposit from tlie Army 
Medical Corps and the Johns Hopkins Medical School. They are 
kept liere until they are needed for research work by the respective 
institutions. Most of them suffer no gi'eater indignity or discomfort 
than having a smoll amount of their blood taken for testing in a 
medical laboratory. They provide one of die most interesting and 
active exhibits. 

Tw o specimens of Branick s pace (Dinowiys on deposit 

for thiiec days. They' arc South American rodents that are very rare, 
but tho Zoo had had specimens of them on two previous occasions. 

Some chukar quails (AJ^fomia dep^ited by the Pakistan 

Embassy. 

Ten different species of unusually attractive finches that were living 
together, deposited liy Dean Stambaugh, St Albans School, Wash¬ 
ington, D, C. 

An interesting collection of Cuban reptilea, deposited by David 
Raniy of Baltimore, Md. 

A specimen of the Murray turtle {Emydura taaccuaricB), denos- 
ited by Donald Puniphrey. 


DEPOSITORS AND DONORS AND THEIH GIFTS 


(Dcposlta are marked •; nnlesa oUierwlAe Indicated, address <pf djcmom is 

Wiiabtngten, D, C.J 


Aaron, A, U.HyattBviUe, Md., domestle 
raklill, 

Aamn, Mrs, Wllllsm H., WhenttKi, Md., 
domestic rabbit 

Adams, Lsala, timber rnttlcdDslie. 

Adgate, W. U., Betbesds. kid.. 2 domes¬ 
tic rabbits. 


Aleiander. Jndlth, 2 red-lined tnrtles. 
Amber, Dianne, Arlington, Va.. 2 Peking 
docks 

Asina, James, acreccb owl. 

Andcrberg, Btm, Hy^ttsvlUe, MO,, do¬ 
mestic rabbit 
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Erqee^ Slivt? Sitrln^, Md^ 
aUlgutor, 

AsdcEEODp R. G.p Ijiiiimmp Md-t Q FekUig 
ducks. 

Arisa, ^ricba-e-1 OEd Jolmp cattimtail 
rabbit 

AraciM, Mrs. EE ting, Somerset Md., 
purple 

Aro, Mrs. Tbomaa, ArUngtrjD, Va„ prflss 
parakeet 

Atke^oD, Jalm O., ^r., ArllugtoDp Va.p 
sparrow hawk. 

Eabhttt lifiiria H-, Peterabam, Mass., 
timber ruttiesnske. 

Bakerp Tbomas Br&Alwpod, Md„ 9 
domestic rabbits. 

BaldwEn, J. W., Xing George Co.* Va^ 
3 raeeiJfliLfl, 

Barber* Eribin, €be¥y CbaBo, lUd.^ 
Peking dackL 

EamwoUp E. L, Alexandria, Tn., FekliLg 
duck. 

Bnrms, HnascU W.+ Jr,^ Falls ChnrclL, 
Ya.p enstej-b skmik. 

Basten Fred, domestic rabbit 

Rnjefj F, M., 10 sea snakes. 

BeoII, Peter W,, EotbeadSp Md., mole 
snake. 

Benrdp WfUJjuq H.p skneik. 

Beckett Patricia and Charlotte, Be- 
tbesdn^ Md., bantam fowl- 

Berrelt Mrs. F. J.+ P^Eng dark. 

Besby^ Busan, Orabgep Va.p groimd bog. 

Blimcbln!, W. H.p Hjattsvillep Md., 2 
Peking ducka. 

Blgley, Geor^ii, *graB8 parakeet 

Bingham, lA. CoL EL C-, Arlington^ Va.p 
ilomesGc rabbit 

BEnokp Cborles N.p BJadcnsbDrg, Md., 
alligator. 

Black. T. W.p CheTDrlTp Md.| red-lined 
tnrtls. 

Blnnkerishtpp WllUain A_, BeEhesda, 
Md.H SQoIrrel monkey. 

Bolirer, Eonnln, Bllrer Spring. Md., 
Peking dnek. 

Borkartp Mrs. Olivia, •spEder monkey. 

Bowen, Edward W.+ nyattfivlUep Md, 
nlllgator^ 

Bowker, Albert EL, domnatlc rnbblL 

Bozzl, Mrs. Francis 0 barn owls. 

BrantDer^ Lester E., Eock^lUti Md., 
gray fox. 


BreazeatOp Edgar B., chnkar quail. 
Brewer, C, M., BysttArille, Md., cabnaiL 
Bridge, John and Btopbon* GreeiiWIt 
Md,^ spotted turtle, 3 snapping tnr- 
tlcsp pUot black snake. 

Biigga, MEebacL, borned ll^rd^ 

Brooks, Virgin Ea, domenfic rabbit 
Brown, Helen, Lonlsji^ Vn^ *owi niou- 
toy, *plg-tai]€d monkey. 

Brown, Howard, Lexington Pnrk+ Md^ 
bald engle. 

Bru 2 !zeari. Pvt J. A., mnscovy dock. 
Bults, Dr. A. B.p domestic mbhit 
Cabot, Cnskle, Arltngtan, Va., pigeon. 
Galrert Gordon L., Silver Spring, MfL, 
2 domestic rabbits. 

CampbeU, P. Aieiandrin, Va., Pe¬ 
king dock. 

CATpenter, W. B., WilndngtoA, BcL, Af¬ 
rica ti JeopatfL 

Carr, Mra, Myrtie, Mulrklrk, Md., green 
gnenun. 

CnrroIIp Mrs. Bacbcl, Silver Spring, Md., 
*w^bite-thn>ated capnebin monkey. 
Carrolip Wyman, Now Haven, Conit, 
gaboon viper. 

Carter, Helen, ^bloc Jay, 
diandJer, Mrs. E„, rtomestlc rabbit 
Cbapman, Catby and Btevci Silver 
Spring, Md.^ 2 Peking ducksi 
Cbarman, H. W., Konslngton, Md,* dee 
mettle mbblti 

Chauvenet Allen, Silver Spring, M(L* 3 
opossonaa. 

emn* CaEvln and Corel, domes tie rbhtilt 
Cbrlstle^ James, Knight, and Ulaodc* 
.‘Alexandria, Vm, *iilght tnonk^. 
CInrke, Patrick Takoma Park, M<L, 
caiman^ 

Cbivel]!, Mrs. Anita, dooiMtle rabbit 
Clay* Blok H,, Arlington, Va.* Hinlrrol 
monkey. 

Colaet, Bobert W., SUvor Spring, Md-, 2 
Peking dneka. 

Colli ru^, F„ E'liMs Church, Vn., hamster. 
Cook, Sheila^ caiman. 

Cooke, M^Bgt EnsaeU, Jn, black-aiid- 
red nmrmoEGt, Ceuffroj^a tparmoK 
bgL 

Corbin,, ^Irs. Mary I^e^ BeltavUle* Md., 
ringtail cspncliln- 

Corvick^ Mra. William A., MeLean, Va., 
albino robin. 
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CrvulQQ Zm>, M iami , Fin., noft-stieiied 
turtle, 

Crotker, Cbitr]^ B.* G o o r £ e 10 w £i, 
Hrltli?!] GnJano^ 2 DJiflc^ndaB, 
Crudsett, Mm. J. Braitwood, Md„ 
mlman, 

CFoakQ, ClandlB, Pckliig dticb. 

Crwka^ ncnry A,* tnillAn Hoaii^ 
rac^coou. 

Culver. OhDJlea Falls Cbtutilip Yb_^ 
S FeMns 

Cnrtla, rlie?Ds mankoy, 

Cmtla. 61rs, CharlcBp silver SjjriEg, Md., 
2 ^Tixig squlrreli?, 

Baakrip George J,, 4 Fefclng ducke, 

Davlffp FrojiJt K., ocelot 
DaTla. Mfh. J. R,, Fmug duck. 
n^TiSp D.p nyattfl^lUe, M.±, 

red-lliiedl tartlsL 
DaTJa. Robert R., •kinJceJou. 

Datisp Bklpper, Aloiaodrlap Vo,, pHot 
black fliuike, 

Dawson, Jflfte A., Rockville, iTilp cotton¬ 
tail rabbit 

Desanp DonnSe and Mary, Takoma Park, 
Md., 4 wMte-taHod pTgecES. 

DoPrato, Joe and Jttckp Lnn^ey Pnrk, 
M(L, 20 tree frogi^ green frog, 2 
toads, 

Dongloa^, Beverly, *DaIe eapnchln. 
Drake, Mrs, RnUi H.p grass parakeet. 
Dunnevp NSrbolas^ bro^vn capuchJii, 2 

calinfiiig, 

Daiinee, Mra Deoryp Arlington, Va^ 
doniestlc rabbit 

Elkert Jertey S., Ro^kvlile, Mi, 4 pnr- 
pie martins. 

Eby, Cecil A.p Beth esda, Ifd., ioon. 

Ektn, Mrs. C. WUItani, BetJieadap Md., 
Erny sqalrret 

DUIb, John H„ Torrington, Conn.p 
cackling goose. ' 

E!nier»iti, F. A., RoefeviUe, goWen 
pheesanL 

Euimettp Edllb, domestic rabbit 
Ercannilla, M., rowblrC 
E 2 eQonrp Joan, Arlington, Va., 2 domes¬ 
tic chickens. 

Earjtie, Angy+ Peking duck, 

Fama. JoBcphp Peking duek, . 

FanlstluJit Albert J.+ domesUe rabbit 
Fehmian, Ray, silver Spring, Md, *2 
collared tnnledovca. 


Feigkery, Frank, Sr., Colvin Rnn, Vn.p 
AlligBtor. 

FergTisoii, G e a r y^ Alexandria, Va.p 
coaebwhlp snak-a 

Fields, Lary, Betbesda, Md., pilot black 
aimke. 

FiahecK Viola, squirrel inonkcy. 

Folejp John W^* Kenslngtonp M4., mod 
turtle, box turde, SEiap|itug tortle^ 
rabbit 

Fortenberry, Cl G., Arlington, Va.p 
domestic rabbit 

Foster^ Daniel Up 2 rcd-bellled onakes. 

Fox, James B,, Bethesdn^ Md, *2 spar¬ 
row hawksp *2 red-tailed hawkSp *2 
duck hawks. 

Fraley, Patricia, EockTOIe, MA, Peking 
duck. 

Francis, Roddy, 2 domestic rabbits. 

Frecmaa, Frank W., 4 asa har^. 

Frickp Ann Trfleey, Fckttig duck. 

Frostt Mr& W, P„ Kensington, Md.^ 
domestic rabbit 

Fudae, Robert E., Dablgreen, Va., 
VlrginiH. deer. 

Foqua, Paul, Arlington, Tn., snapping 
turEleT £ horned llzardsL 

Gonibcme, William A., Silver BptiPg, 
Md.p domestle rabbit 

Oarher, Paul E_, flying sqnJrrel. 

Garcia^ Modern, Silver Spring, Md., 
fiqniTO!. 

Garrlfltiia, domestic rabbit 

Gaver, Qordom Thorinont Md., ■rbesas 
tnonkey, M eltigntora, •amgator 
* Javan mscaitie. 

GIlEioim Homer, FeUs Church, Ya,, fly. 
Ing sqnirret 

GingeH, F, V^ Fhlrhaven, MA, Geof- 
fmy's marmoset 

GiuHoni, Gilbert Kensington, Md„ 
tarantuln, 

Glenson, Nnomt SUver Spring, 

MA+ caiman. 

Gooch, Donald, Takoma Park, MA^ 2 
eaatem skunks. 

Gray, Joseph B., Seat Pleasant Md., 
uposxtim, raccoon. 

Greco, Janies, VIcdue, Va„ common 
Boat 

Gjneeuhowp Roger, Sprlngfl&ld, Va., 
paEnted turtle. 

GreenwooA Walter* Arlington Vm, 
diamond-back tmtLe. 
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Grnnwetl, Williftm T,, i^rUnKtoDp Va., 
Ttd-lasnEGd turtle. 

G3cL&idl<&t Jotn E., ClilllTiiD, Md., Knap- 
plo- ttirUe. 

Huldeman, Jay, Betliei^dSi IM,, d[>in-e4^ 
tie rabbLL 

Hallp Mrs- Edim M., AxUaglGii, Ta^ 2 
bJaeic-TvIdow apMara, 

Hull, Rnypaiidp domei^tle rabbit 

HammlUip PhdI K.p Kinstoit N. 2 
capneiilii niaiifceya. 

Hanimond, Jamaa DL^ Cbcvy CbaKr 
Md.p e fCLin&a pies. 

nand. Dr. J. Dr, Bilyer Bprlugp Md.p hog- 
tiosed anaka. 

Hardy, David, BuJtLmarei, Mil, *4 Cdbftti 
Igaanaap *S curl-tatl lizards, •!& 
Cnbaii bci«B> *10 Cuban gockoHt *3 
Cuban turtles, *13 Cuban timda, 
•Cuban rocerp *4 ^uuil bnas, *Ju- 
l?ltu or Cuban jTmas snake, *lnjtLa_ 

Hatcbuian, Mrs. M. G., Eatbeeda, Md^ 
pilot blaek soal^a. 

fiawktna, Claylon, Java dee bird* 4 
rarakeota. 

Heilman, Mfriairif Cbevy Chase, Md., 
box turtle. 

Uelsif, C P.p Arlb^mi, Vu., 2 Peking 
duckfli 

Henderson, David and Elixabethp Ar- 
Un^n, Ya.p 2 hninsiera. 

Henderaon, H* E., ealmftn. 

Bendleyfe Carroll, Bladonibiirg, Md., 
red-lined tnrtle. 

Hennosfty, HIchard L., San F^ucIbco, 
Cftlif., •BoseUa parakeet 

Hewitt, WPBltjp Sliver Bprlnj^ Md.^ 
ani;mtor. 

Hlbbert, B. L., Peking duck. 

HLekSp WHEam, 6 hanastem. 

Hlgbfleld, Robert T., sontbem hEl 
tnynalL 

Hid* Jamei C., 2 rDostera, 

Hobba, Catherine R,, 2 dlainond'bacb 
tnrtlea. 

Hobbo, E, E.^ Jr.p Wbenton, Md., rluk- 
taU cDpuobln mouJter, 

Hodge, Mrs, W* H., Stiver Spring, MiL, 
domesde rabbit 

HalTmfii], Irvin H., Cabin Jobit Md, 
sUrer pbeasant 


Hoffman^ trrin M,, Bethesda, Md., 2 
wood docks, 2 Bilver-ffrangled Ham- 
bnrg fowla. 

Hogeboom, Mrs. G. EL, Eensingtoa, Md., 
black'widow iFpIder. 

Hoke, John, 2 common iguanai. 

Hollaml, Beatrice, gmsa parakeet 

Homan, Coke, eastern skunk. 

Hoodp MnJ. Cen. RetJlien C.p Jr.^ uaAP, 
AncoDp Canal ^one, Galapagos 
turtle, 

Horne, Douglas B-p Surry, Ta., copper¬ 
head snake. 

HowoEp Hubert Arttngton., Ta., S Java 
^ches. 

Hubbard^ Robert, Arlington, Tn., allb 
gator. 

Hubble, Mrs. ™y-flnced lovebirds 

Hngglna, Mrs. Henry S., cottontail 
rabbit 

Hughes, Mra. Hannah, domcatlc turkey. 

Hugiiea, Mrs, WURam homed 

ILxard. 

Hutchlnaon, W. S.» cockntlcl. 

Hynck, Frank, spli^-talled Iguana. 

Ikao, Teult, Rnrlsogiou, N. J., •alligator. 

Johnfioii. Richard W., BctbeadD^ Md., 

2 pocket mice. 

Jolley, Christian I4, Bockvitie, Md., 
Bnlier'a garter ^ake.. 

Jones, J. O.j E^oEb Cbureb, Vn., 3 domes¬ 
tic rabbits, 

Jones, Marie A„ Silver Spring, Md., 
Peking duck. 

Kongas. Mlke^ Arlington, Vn,, S o^^reys. 

EasUntin^ J,^ RorkvilTe, Md., indigo 
siiake. 

Ea-Bteu, Mrs. Mnrle A., 2 box turtlcBp 

3 false map turtles, 2 red-LLued 
turtles, Florida water tnrtlei, 

Kcopliigp Jtm+ sparrow bawk. 

KcDuard. Marlon, itomestic rabblL 

Ellbhm^ Dt. lawrence, Rational Eaatl' 
tntes of Health, *ktl6tl rat, “rock 
rat. 

King, Nancy J„ PeklDg duck. 

Klrchinyer+ E, H„ red'llncd turtle. 

Slenxliig, O, Stewart, Clminbersburgp 
Pa., caiman. 

Klibnn, Eamelt P., *2 lovcbirdB, 

•mirntLti, •yeltow-hcaded parrot* 
•mynalL 
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ETDULtep Karl in, spotty tortlo, 

iDQl9 ^iml£9| pUac blacic ffniiJce, tLO#< 
SQ»k& 

Kminniel, Carl, BalttmoTep MiL, ^ 
wIiLtt duhb^ *2 SmDatTjLQ 

orangntana. 

Kunti, I>t* Rybcft, Nayy Medical Oon* 
teif» 2 w^^tem boi turtles, TresterQ 
race numcr, w^atfTD bc^g-Dcsed 
finala, 3 bomed Ucarda. 

Lau^p Lataa, Chevj Cliaai^p Md., blue- 
iklulL 

Lash, IttId F., ArllnglaUr 2 
parakoctsL 

LatbaM^ Ints F.p 2 cardioalB^ 

LaUmtp^ jcHBepb D., Indlim Head^ Md^ 
2 Peking ducJcfi. 

Latham^ Loals^ ArlCugtoD, Yn,, 5 opos^ 
suma, 

Ijitbam. Mra, Mart#, Flttebiirgb» Pa^ 
*2 Bmunli'k'a paea. 

Lfl’n'rence, hlra. Betty, *l>lue Jay. 

T^^cbp Janet, FaklDg duck. 

Lecla^cq^ Richard P., SIItct Sprliiffp Md,^ 
wild rabbit 

Lelaad, MraL Ciirclyn, weeping catincliln, 
Levangla, BeL^y, figulrrel tnonkey, 
Uebert. Coralja, Bctbeada, Md^ 2 
dcimeatic rabbi ta. 

LinoweSp Darld* domestic mbblt 
JLrtiwvaty, Dr. Xu J.p *29 laalamaadaria. 
Uppiaan^ Ijirry, B^tbesda, Md^ ealmaiL 
Loeke, Otto ^^tartlDp Nw Braunf^la, 
Ter, 2 Indigo iniikeSp B rattle- 
anakes. 

I^ber, CL W., albino robin. 
logHjluG^ D. 3U., Anannilale, Ya.p *opos- 

atiiEL 

[.•Otigp Clifford r.T Alexandria, Va,, 32 
grasa parakiwta. 

liOTing, W. H., AleLaaiip Va^p 2 domistle 

rabbItiL 

Ludwlis, Cbarlcs D., Arllngtoit Va^, 
•Giiban j^arrot 

r.ompktn, Allen, DeKar's miqke. 
Madeira J^ehool, ealman. 

Main Dos. Jen7+ hoT^ahf he prabi 
March, Mr. mad Mrs. Anthony* Eetheada, 
Md_, gtiftt 

Maiden, Mr. and Mm. Lewie, *2 flying 
iiqnlrrMBL 


Mnrmelatein* AllaOp surer Bprlngp Md^ 
"eapncbln monkey, S red-llnad tiu^ 
tl» 

Martin, Jaiapd Robert NorfoUt, Va., *2 
suft-abelled turtles. 

Ma^e, Jerryp domestic rabbit 
^laasayp C, C., Alasaudrla, Ya., 2 Pcktng 
UiieksL 

MatJlsert, Lt CoX Hyenwa N., Falla 
Chnrclt Ta^, T Rouen duckfl, 

Mayo, W, A.p cottontail rabbit 
Mebdoxa, SL domestic rabbit 
Mcrebani, Mrs. R. A. Arllneton* Ya^ 
domestic rabbit 
Miller, Sam, domoettc rabbit 
Mnney, Mark U, Herndon, Yjti Spotted 
tnrUe 

Mara, Jeanne, Arllngtoit Ya., ditmestle 
mbbit 

Moreland, Frances, domestLe rabbit 
MotJc, At W„ black Ignano- 
Mnnrecp WRIard W., Jr., Rangeley 
Lakes, Blaine, Virginia deer. 
Mnrpby, Greer M,, Cbcr/ Chase, Md., 

caliTi Hn. 

Murphy, Mm H, B„ Arllogton, Ya., 
Peking duck. 

Blorjihy, Jay, Arlington, Ya+p saapplna 
turtle. 

Murray, Tbamas bL, Green Meadowa, 
Md., domestic rabbit 
Murmw, Mrs, J. g,, raeeoon 
Murnow, Roy, rabln. 
ainaaor, George, SprlnKfield, Ya.. red- 
abonidered lutMfk. 

Myersp Earl H., Falls Church. Ya., pale 
capncbla monkey. 

Mct^ruii cItt R- BTrji eastern sknnic. 
McGnne, JHali-^olim SUtct Spring, Md^ 2 
ehtnchillas. 

MeDotmldp fCuren, Arlington, Va. 2 
cottontail rabbltn 

McDonald. Tillman, Arllneton, Ya.i 
pmlrle dog. 

McGeown. A. W., Gbwy Chase. Md., 
*crow, 

MeKtnncy, Prank D., hog-uoi^ed snake. 
Mel.ean, Mm. IL, hlack-beadad Gould- 
Ian tnch. 

Mel^ata, Paul, dDmCstLe rabbit 
McNetl, Jean, Peking dock. 

Nathan, Dick, ilomEsDc mhbtt 
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!tP|- knfTi* H.ftrn or dwflrf anndiimOi 

T^otlonal Jnfitltctea of HeftSth, Bethesda, 
Mill 3 squirrel monJEe^a, •rtesaH 
luonlceji, 

NolBonp S:ira L.p squirrel mahkey. 

NalsoDp T. Fn McLean, Va,, snapping 
turtle. 

Newkirk, Gocrgo P., Btadenaburg, Md, 
nl^t berofli 

New Zealand GLuvernmeat^ 2 kea t^ar^ 
rots. 

Nixon, Patrictu and Julle^ calmaii. 

North Atlantic FoitlUxor and CUecil- 
cal <30., New Yoritp N. Y., *5 refial 
p^thofis, *3 maiigroYO simteSt *3 
burrowing boafl. 

Norton^ Lorraine, domestic rabbEt. 

Oiriiil;t, Courtneyp BLLVer Md^ 2 

aquirrelA 

Otmsteadp H M., BeUsviUOi 31d.p bam 
owl 

PaklstaD, Elmbasay ofp ”20 ebukor quail 
•0 immature quoit 

parduep Coolldge F., Beat Fleasantp 
MiL, common goaL 

Parkern Dorothy^ ArllngtoDp Ta., 2 
Peking ducks. 

FarkcTp K. B.i PrederlctBbiirgp Ya.p 
fiautam fowl. 

ParrislLp Margaret WoodbrldgCp Ya., 
mlmpn, 

Peppardp Kennetbp Alexundrim Ya, 
Peking duck. 

PliclpSp Mrs, James F.| HyattavUla, Mdt 
likutik. 

pickerel, Cbarlesp Falla Cburcli, Ya., 
pide capuebln. 

Pickett, Groat, Arll&gtoa, Ya.* aUlga- 
tor. 

Pinekordp LoIb and LacUlc* 2 oiUgatora. 

Pinckney^ A. J.p HyattBTille+ Bid.t do- 
meaUc mbblL 

Plummer, WarreOp boA constrictor. 

Poppen^ Dorldp Arlington, Yn^ ofllmsTi, 

Portia ml Zooi Portland, Oreg„ 2 ensr- 
[H^ror goese. 

Post OIB]ec liepartmoat* burned lizard. 

PrOEdsCp Mrs. 3idrtln, Ylrntia* YAi* 2 
PekLog ducks, 

Puerto Rica Zoological Oordona, Mnya- 
giioz, F. fL, 23 anoUfl H^&rilA 
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Pmnpbrey* Donaldp BladanobttTKi Mdn 
•Murray tarda 
Oueealn^ Mrs^ ft-i Jr., caJJiiau+ 
namber^, Waiter^ OeTy Chasei MiLp 
domestic gooscL 

M1b 3 B. J,i SUtct Spring* Md.p 
squlrroL 

Tt^nbrrt, Mfij. X W.p Stlvef Sprlngp Sidi* 
bomed llsord. 

Ubotfutbiini cbEldreUp Kcnslngtau, Md.p 
doni^tle rabbiL 

Ulcep Ge^^rgO H.p Jr., ArllftStoa* Van, 2 
squiirei motikeyBL 

Hiebords, Randy, Falla Church, Vo-i 
cruw. 

lUebarttsob, O. O^, Manassas, Yo^ mole 
snake. 

Bicbnii^ud, Robertp FalU Churchy 
cotrobtall tablilL 

RLgglOp Gordon^ Betbesdo, Md., collared 
lUorit 

RiggSp l-owry^ HockTlllep Md., tltrtlO;i 
HlYer, Joscpli mccoom 
Hlreni, Dr, Jnmi, Puerto Blco^ 30 Biwd' 
mens representing 3 species of 
anolls, 

Bodebt Norman G., Arlington, VA.p 
Peking duck. 

noQcbe^ W. F., Hyattsvllle, Md., Canada 
guo^ye. 

Itoberia, Mrs. J. W** 2 opossums. 
ItiibertsQa, Alan* domeHtic rabblL 
Eobino, Mra. N. B., HetbesdA, Hd.* 
mole. 

Rouaco* Mrs. Elizabeth, ATe?canddo, Ya., 
e oiwiseuma. 

Hosentbal, WiUjam, dumeotlc dnek. 
Enbln, Carol, Alezandrla, To*, Poktog 
duck. 

Bucker^ Eldrcd B., Falls Church, Ya., 
Bkwiit. 

I Bupp, EliMbelh Ann, Arllngteo, Ya., 
domestic rabbit. 

SaffeM, Lester W., 2 aUlgatoRi, 
Sanbom, Tbomton, Retbesda, Md., 
Peking dnek, 

j^oadera. Bay, (ifilnled huGe 
Satcbel, Mrs. B. T.* Woodstock^ Ya^ 2 
bold eagleo, 

Beheld, Curl Patrick, *duck hawk, 
Schenk, Mrs. Eobert, Poking duck. 
Schroedor^ Lanlo W,* Rockvlllar 
bluck-tnftcd tEiarmooet. 
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Bcliwflrti, WUllatn, *n irnr i mookcf, 
♦flqntrrol incmltcy, 

Scoflald, Jotiiif ^Hulpbur-breiLBteO tod- 

Seegeria, Mrs. Scott, filcLean, Va., *2 
earfltaala^ *wqq6. tliruah. 

Staffer, Joseph Alt^iandjla, ViL^ 
Ylrgitiia doer. 

StuLW, J^ihd, CIio?j Cliase^ Md.p ciLEiuad. 

Steen, MLcbnel, Folia Church, Va., opos- 
amu. 

Shepard, Blra. H. L., domesdu rabbit. 

Shields, Mra. Jame^^ W., Bethesda, Md., 
Pekld^ duck. 

Shoyshan, Mra H. 11^ Bettiisla, Md., 2 

dOTOff. 

ShoEteck, Bobert, Efookvme; Md.. 6 
Milliard docks. 

Shntt, Mrs. EreJyn, Falls Choreh, 
Ibdi^ simke, tarontiiLB. 

Plchel, Peter* opossimi. 

Sldwell Frieodj School, D domestic rab- 
bits, 4 bantajn hens. 

SUvas^ MtE. Antooette, dolPeetIc rabhlt 

SlMfl, Jerry* Arlinptoii, Vil* DeKay^a 
Sbako. 

Sisk, Mark, Tnkoma Park, Md.. catniaii. 

Skclly, Gerald, Ft. BelvDlr, Vil* *3 cop^ 
perbeads. 

Small, Philip L.p llarthiHbur^p Wi V n 
hlnck-tii£ted marmoBot, 

SjnSth, Ito^er, Arlington* Va.,, flying 
squirrel. 

Smltt, T. W., AlciniiiJrla, Yn., aiaBoovy 

duck. 

Smith, WlUlnm P., Silver Sprlns; Md., 
domestic mhhlL 

Soapp, Eamiulph, MeLemi* Va., alJl- 
gator. 

Speaker, Meredith K., Mausssaa, Va,^ 
Javbxl macaque. 

Splller, Mrs. B. K., Pekliag dock 

Sprebii, Stephen^ CAlmati, 

Stagner, H. E., Bethesda, Md., domes¬ 
tic rabbit. 

SEuPibiiu^ Deaii D., *2 owl flnebes, 

*2 GOQldlan ihiches, *2 cordon blen 
flnerhes* *2 aharp-talled finches, 
•star flock, *2 at-ange waxhlu 
flnekeo, •atrawberry fluch, •Earti- 
IiMii goldflaehp •red-billed fire 
dneh, *3 canarieB, 


Staohury, Keimetk, Fairfax, Va., 
blaok-wldow spider. 

SCEes, Buip Falls tamrchp Va., snnpptag 
turtle. 

Stiller, Diane, Bethesda, Md., Peblag 
duck. 

Swadley, Vlt^ip McXieaii, Va., commoOi 
mole 

Swank, T^eahei Arlington, Va., taccoon. 

Taylor. Jnmes. 2 domestic mbbita. 

Taylor, Mllce, cnittiam 

Taylor, R, Okevy Chase, Md., £ 
oflpreya 

TetJron, Chevy ChaBe, Md., domeetic 
rabbit 

Tbomeen, Evnlyo R., Alexandria, Va., 
4 PeklnE ducks. 

Thornton, Corp. lUchard* Camp Lfr 
Jeune, N, O., 2 Cooper's hawks. 

Tjfip Bruce and Rurbara, £ guinea plga 

TciUoy* Eenton G.p Woodaeres. ITd., do¬ 
mestic rabbit 

Tote^m-In Zoo, George 'rregembo, Wii- 
mlugtbn, N, <foru Bngka, black 
swamp anake. 

Townelry, Hanson, mfKJklngLlrd. 

Traub, Lt CoL BoborE, Kuala Lumper* 
Malayn, 4 regal pythons, 2 two- 
be^ided saakea. gliding snake, giant 
gecko, llnsatig, blnturong, Phayre'a 
laugur. 

Travera, Ctmulc, CoU^ga Part, iid, 

mallard dndic. 

TravU, C, W,, xtuchJ turtle, ribbon SDftke. 

TretSirb. Henry, New Tort, N. ‘king 
eobriL, 

Trew^ Mrs, Fred^ Chevy Chase, Md. cai¬ 
man. 

Trolano, Mr and Mrs. Frank, •spIiler 
motjkfey, 

Trotter. M. E., domestic rabbit 
Trnitt, R, V., StoveiisvIUe, Md., 4 rac- 
coons. 

TyrreUp W. B., Takoma Part^ Md.p 
otwBsum, pyimiy rnitjosnake, fence 
l^rd, greater flve^lined ddak. 

Tyrre]|, W, B.* WIUuwb, Md., a pBot 
black Enqkos. 

G+ S. Army Medical School* 7 chinnpaa- 
»«B, 3 Mongolian gerbUa. 

Through Dr. J. A. Morrla, 20 ACriean 
galagos: 
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TJ, 3. Department df Agrl-tniltiLreT race- 
mnnor snake. 

U. S. Fifib and WildlLtc Serf lee: ' 

Throtieh Gardner Rump, Kfttaebii 
Pakistan, *nd F, Oh Lincoln, Enow 
cock. 

Throagb StoMe^ LlgObt CarlBbnd+ 
N. M^-r 2 sand grooee. 

Tbrooi^b David Sponcerp Kenai, 

Alaska^ and WUllam TlerrOi Alaa- 
Imn brown bear. 

TbroHgh Bnicfl Stoll berg, Bfinaw 
Greek Refuge, MoTmd City^ Mo,, 3 
bine gee^ 

V^nndorboofp Jonna, Rodkvllle, Md., 
bomed lizard. 

Van Tassel, M. E.+ Arllngtonp Ve-r Bra- 
jUian cai’dliLflJL 

Vnnclianp SlerdU c n l Tnan , 

VlgliotH, George A., SUter Springy Md., 
bldkaJciiL 

Villa, Katb?, GblRutn, Md.^ 2 domestic 
i-abbits. 

Vlnetnt, Mlcbael^ snapplnp turtle. 

Vlroa ReBcnn:]! Instltutep Eatebbe^ 
Uganda^ tRrau^ Dr. J. A. MorrlSp 
Army Hledlcm ScbtKpl, Walter Reed 
Hospitalp SO gdlaiJiu^ 

’Wadswortb+ KlebEird^ 2 graas pamkeets. 

Waller^ Darry* College Park, MeL, cab 

mnn - 

Waltor Reed HospUatj Molayiin tree 
^ewEp 4 ebimpanzees. 

Walter^H BUlyt •ebJeken snake. 


WatHonj Dr. Josepb, Chevy Cbaae, TSSd., 
ring-necked dove. 

Watson, Wilis am D., Kensington, Md.^ 
ealmaa. 

Wnylandt O. D.^ CuJpepefi Yn^t 3 gra^ 
parakeela. 

Weber, Jeanne, and Mrs. Bin Quintet, 
snapping turtle. 

WelboiL, Henry G., Tokyo, .Tapaiip For¬ 
mosan CySng squirrel. 

West tin, Donbas, Arlington, Ta^ 2 
Fokinii dnckji. 

Wboeler, WiUiam i„ Falla Cbnrrh, Yn., 
2 eopperbends. 

Wkitley, Jaaea F., •yollow-venled nut- 
roL 

WiiHtcnbelaenp Waller, Kebulngton^ Md^n 
Mnscevy dnek. 

wninrd, Dolores jagnamndl. 

Williams, Bf^tiby and Johnny k Arling¬ 
ton, Ya.p 2 Pidiiiig decks. 

Wills, Yfntine, domestic rabbit. 

Witt, WLlRam, *plbt blnck amke, cop- 
perbead snake, 2 tree froi^ *inlik 
emake, lullk saake, king snnke, & 
spolteil lortl^ 

Wolkp Carolyn, gray tKiiiirrtil. 

Wsmn, ClUEord P.^ ■rcd-btne-aad-yellnw 
macaw. 

Wood, Dlnna, domestic rabbit. 

WortbSngtoD, Mrs. 3nndra, Tatoina 
pEtt, Md., Peking dnek. 

Zarbrongti, Art bur, Arlington, Tb.+ 
i^iantoir bawk. 


BIRTHS AND H.ATCHINGS 

Conditions tinder whicli animals are kept on exhibition nra usiially 

not favorable for breeding or rstaing young. However, occasionally 
young are boro or batched that are of unusual interest to the public 
and are valuable as ftilditiona to the group or for exchange. Out¬ 
standing imiong the births at the Zoo were the following: 

The herd of Kubian giratfea {Girafa camelopardidia) again pro¬ 
duced young, thus providing valuable eacbauge specimens. 

The pygmy bii>pos {t7Afl«ropsM Hberiensi») continue to produce 
young, the eighteenth having been bom during the fiscal year. 

The water civets {Aiilax patuditiosiis)^ African relatives of the 
mongoose, continue to produce young. 

The colony of rather ntt.ractiveslcnder-tailed cloud rats {Phl&eompa 
cumingii) continues to increase by births. The original pair have 
died of old age, but their progeny are carrying on. 
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The Africub porcupinea galeata) contiiiue to incrcfisei 

The crested screatneis {OAauna torgvata) again laid e gg s and 
hatched three young, but they did not survive. 

Through pamstakiiig care of Mario Da Piuto, principal keeper 
of the reptilo house, reproduction among reptiles has been very 
gratifyiug. The most outstanding of thw^ follow; 

Eggs were laid by the flap-ntjck chsjuoleon (Obamaeteon dUepis) 
on April S, 1955, and 6 hatched on June £3. Tn spite of the utmost 
efforts the young refused to eat and so survived only a few days. 

A three-bomed chamelon {OAama^eon jacksotti) gave birth to 16 
young on January 9,1956. 

The hve-lined skinks hatched six eggs August 11, 1955. 

Fourteen young green water anakea (iVairi® cyelopum) were bom 
June Zj 1956. One egg of an indigo snake {Drymarchon core,U 
coupert) was liatched, and 10 red-bdJied water snakes (Nutriis erv- 
ihrogaster) were bom. 


An African bouse Euake^ or {Soaedon line&tum), laid 21 

eg^, Md 7 of these hatched on December 11. These may be the first 
of their kind tohavo been hatched in captivity. 

An Egyptian cobra (Aa/a Uie) kid 19 eggs on November 4,1955. 
On January 31, 1956, 3 of them hatched. Only one of the yoting 
could bo induced to eat freely. It thrived on l™by luiceL This was 
the second cobra eggs were hatched in the Zoo. 

^»a3 (Epicrates cemhria) were bom on March 12, 


Following is a complete list of the births and hatchings; 


iHAMUAlM 


Ahrpia 

Anm dtpr£9aicQfni» ___ 

Aiiiax paludinotut ___ 

Axis _____ 

Bi&of __ 

ap.__ 

Capra htreuM^^. __ 

C^f^apithetuw tephwt __ _ 

Ciprraa £aruu/«nm>___ 

CmTU# sfapAui____ 

Cmut __ 

Ckoempu 

CAofcwput didacij/lut^ __ 

Dama 


Aoadndp or Barbary sheep. 

Aiioa,_^__,__ 

WaUjr civet_ _ _ 

Asilft decr„^_^ _ _ 

( Britiib Park oattJe, 

We&t rTigMand cniHe _ 

Soulliera Amntic Squirrel __ 
Dam^atic 

Mustached iDonkey___ * ___, 

DeBra^En's ^pcoa. _, 

Amcrf&ao dk— _ 

Red deer, _ _ _ 

Sfka _ 

Pygmy Lippo _ 

Two-tofed 

Brown fallow deer,_^^_ 

WliiU faUow deer.^______ 


Arafr!- 

few 

3 

1 
1 

2 
1 

4 
1 
2 
2 
1 
1 
2 
I 

1 
1 
3 

2 
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MA]f«ALs-i::niiuiid 


Stientijie nam§ 

Diivyprocia punctatA -- -- 

Filit ------ 

FfliM -—- - -- -- - 

Fdis pcirdus^^-—-^^ -- -- - 

Girafa caTnulu-pardali*^^- - — 

/Jippopola?7itt3 amphibim - - 

RydrQpctts ijwrmit^ ------ 

Hylfihdei affilis X IL Jar ptJectius.,^ — 

Hysinx - - 

Lama pfairta- - -- - -- 

l.aniii — - --- - 

L^an^arebui - - 

3/afae;a — 

Macut^ tylvanuE- -- —- - 

Odoroil^wt flirffmwn--— 

ffirjiBiainitJ casjJarieefwif-^,.^ 

Oirti munmxrn ^^— — -- —- 

Pan uif^rus--,_-- —— - 

--- - 

ThaiarctM mariiim'o^ x Utbw middtn^ 
dorffl* 

□'riffui AjamJiitJia^------ 


CQJnmitn fl-oniff 

Speckled DgoiitJ - - - 

Pumau-^------- 

Lioa. - --—- 

Blaok leopard__.^_w-- 

CiLraBe--——- - --- 

Hlppopotaniiifl-----^ - -- 

Cbiii™ wstcr dccr_^ --— ^---- 

Hybrid ® bbon ,. -- - - ^— 

ArHc^aB porcupittc^-----^ - —— 

HAroa^ r---—— - - 

Alpncil.w^--— 

Golden mannoeet^. - --- 

RheeiiH — —---■ 

Rsirbary upe. -- 

Virgioic deer.--- 

RicflD deef_™—---- — -- 

Moufioa,,- -- -—-- 

ChiiEp&tiseQ—- 

Slender-t^Jlisd etoud rAt- 

Hybfid bear fMcond generation] 

GriEdy bear__ 


htr 

3 

1 

3 

1 

1 

1 

1 

1 

3 

4 

2 
2 
1 
3 
2 

3 
1 
1 
2 

4 

2 


W TTlfW 

Afws pZnJtfrJiyjicAois*----- Mallard dnok,— 

Bro^^l 3 -Canada gooso^^——-- 

CAauna farffuala,--- Created ecreamef^— 

ufidyJaJiiJf_— Graaa parakeets.-- 

Ny^iic<yrax nyclicontx kaaeilt _Blaok-crowned nlglit beron---- 


13 

6 

3 

13 


1L£?TII£» 


^nrfsJrddon piseii'erMlr--— 

Boa€d<m KnenJujn*-*—--- 

C^otiwiefeoTi c/i>pta- — 

Cbamaeleen - -- 

CArj^Jcmv-B pida - --- 

Lb'qdiFpAz^ p UHclailis tdiTArdn^- -- - - 

ZJrpmarcAcm coTuin cotipifn--- 

Eiaphs ob^d&ta obsalcffl--— 

Epicralit «THrAria_—. —--- 

^ymccc#/cM£ialTia„,----- 

^aja Ap/ff-,---- —--— 

^a£ri£ cifc?qpi>ft ^ ----- 

ATairic (jririAroff^ ^^ ^ ^ - 

Nalrix ffipcion—---- 

Siaren'o dekAyi^ ---- - 


Water mgecuHin^__ ^ 

African bouic snake, or musaga— 7 

Flap-necked clianaeicoo——-- ^ 

Tliree-horned cbaineJecili--- 

Poiuted turUe„_^^.. .. 7 

RJng-necked snake^-- « _ -- 6 

Indigo snake---^—-- I 

Pilot black snake,.--- 10 

Rainbow boa---—- S 

Fivn-lined skinfc—--—--- 0 

Rgyptmn cobra. ^ 

Green abater annke- .- - -—- — ^ 0 

HiEd-biidlicd water stiake _ -- - ^0 

Water £0 

DcKay'&siiakfl.---- 


fdtieth anniversary 

A SibftriaD crane ((7rt*» leucagerartus) gave ita honilike cnlle end 
Uigh'Stepping dunce, witli appropriate TFing moreoieats, on June 26, 
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1&50, tlie fiOth amuTersfliy of its iimval in tbe Xatianal Zoological 
Park as a full-grown bird, Tliia is a Dotaworthj longevJtj record, 
and apparently the bird is in such condition that it sliould Uto consid¬ 
erably longer. 


RESEARCH 


The !N'ational Zoological Park has no general research program, as 
such. However, the successful keeping of any animal mvolres more or 
less spec i lie research. If the habits and requirements of a species in 
captivity are not well known, tliej' must be ascertained through 
research, which may have to be carried out with all possible speed if a 
newly received animal is to survive. The problems involved may con¬ 
cern any or all of the following: Temperament of tlie iminiAl • its need 
lor esercise and for companionship; diseases and external and internal 
parasites to which it is subject; food preferences; housing, tempera¬ 
ture, ventilation, and bedding. 

If it is known in advance tliat a new animal is to be received, infor¬ 
mation is sought from ©very possible source regarding its probable 
requirements. Upon its arrival its age and physical condition are 
not^ and any tentative plans for its care arc modified or elaborated 
as circumstaticca dictate, Uxtemal injuries, if any, are treated, and 
efforts are made to rid Uie onjinal of external paresites. Internal 
parasites are watched for, and treatment to eHminato tliem is under¬ 
taken. Ohservations on the animal are continued and changes ai'e 
made in itaenviromnent if necessary. If it refuses to eat, new foods are 
oner&d wnd its preferenoea aiNS nottd. 

The relatively low mortality rata among newly received animals and 
the general good health of those in the collection attest the success of 
the research tlmt is carried oil 


In addition to the problems concerned directly with the aTi?m iiT ^ 
there are many others that involre researck One relates to the types of 
construction materials most suitable for the housing and exhibition of 
the ammals and most economical to maintain. This ralTs 



Incidental research carried on bv Ernest P. 
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thesfi irero several different kinds oi bats, African clepliajit Bfitews, 
and North Araericaii shrowa. Ilia success he attributes largely to the 
food formula ^ lio doTeloped, TThich is relished not only by these ani¬ 
mals, bnt by many others. 

Army medical rcsearcli workers interested in the raising of tree 
shrews because of their ijossible value as laboratory animals hava been 
impressed by Mr. 'W'alkoi^s success with the other types of shrews and 
have brought tree shrews to the 2oo. Given this food, the shrews 
thrived on it and produced four Utters of young. Indeed, the results 
were so promising that the food has been canned in small quantities by 
the National Gunners Association, and two lots of it have been shipped 
to Malay end Borneo by the Army medical workers. Also, a small 
amount was recently taken to Meaico by Mr, Walker and turned over 
to the Pan American Sanitary Bureau, which requested this material 
for feeding bats tliey are studying in connection with, research work 
on rabies. 

Information supplied in response to the many requests reoaived 
by mail, telephone, and from visitors is based on research by this Zoo, 
or has been assembled from various sources, and in many instances 
serves to facilitate scientific investigations that are being carried on 
by other Federal or State institutions. Occasionally animals are de¬ 
posited with the Zoo by research Lnsritutions until they ore needed for 
experimental purpOE^ Here they are cored for and are available to 
the depositors when desired. The facilities thus provided contribute 
indirectly to the research work of other organizations. 

VETERINARIAN 

For the first time since 1942 the National ZoologicoT Park has a 
veterinarian—Dr. Theodora H. Bead, appointed July 15, 1955. The 
work of the Teterinaristi is threefold: to establish such a sound disease- 
provantive program through nutrition, sanitation, parasite control, 

' IngredlcntB: Tolt at 1 tarfl-boiled egE; approilinatQly Bti equal nmoniit of 
rAtber diT f^ecsep HplJr^iaclnmtHoJj nn eqltltl imioimt of ripe bftUJaiuij 

fiiq>TO]LlinELtely an eiiiial imiorait of ; 6 drops of JecqUa; d drops of 

yfheB.t~g^rm oLL; 3 gruSni Of Tlieraersm. 

Mil with & mortar and pctstle. If the wlicab|;ernfl oU Ifl In 3-minlni catwtiteflj 
put In two; also add the Tiaors^ramT which Ifi a yellowlah Add n few drops 

of water to soften the gelatfn of the whent-^rm oU cflpsolea nnl to dlflflol\e the 
TherbgranL Then not the other ingredleDts iti and fftlod oH together wtUi the 
peatJe OfltU o paste in fermed with the chltln of the worms Bentteied throogb IL 

Tho mealworma {tenebrio molUor} sre the game or simdar to those that get 
Into cereals^ Caltores of them can be uialatsitied Ln bran or comtoeal with the 
additloo of banana peeUng^ silM of raw potato^ and occaalonalSy light aprln- 
klingB of water to molMeJi the bn3ti or cornmeal Tczf slightly but not enoojtb 
to ennse It to form lumps or to mildew. 
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laboratory exatiunation, and eDTironraental changes that th« need for 
tneabtient and surgery is reduced to a mini mum; to treat diseased and 
injured animals as necessary; and to carry on research looking toward 
better remedies and better health for the animals in captivity. 

Changes in and additions to more than 92 of the diets have been 
made, and benefits are beginning to be evident. Two sccond-genero- 
tion hybrid bear cubs now 6 months old were raised on Eynthetic 
bitches’ milk and are developing normally. The two young gorillas 
continue to thrive. Nibuiubn, the male, weighed 17 pounds ou arrival 
at 15 months of a^ and Moko, the female, weighed 20 pounds. Their 
com Lined weight is now lOO pounds, the male being the heavier, Ur, 
Joseph Wat^n, a private physician, is consultant pediatrician for 
both the goHlIas and orangutans. 

A ^stematic parasite survey has been started, and treatment is 
given where necessary. The new anthelmintic piprizine sulfate has 
been used for roundworms with good reaults. It has the advantage 
of being highly effective, relatively palatable and nontoaic. A satiV 
factory method of treating reptiles for internal parasites is being 
Sought, and results so far are promising. 

luring the year 20 minor surgical cases were treated. The three 
major operations were the removal of a fibroma between the two 
lower canine teeth of a Ift-year-old Bengal tiger, the reduction of an 
^bilicnl hernia on a young male chimpaimce, and the removal of a 
large mass pint ) of tapeworm cysts from the hind leg of a 
Brosza^s guenon. LL R, U. ilcCully, United States Air For™ 
(\ eterinanan Corps), was the chief surgeon. Two unusual surgical 
proc^uras were the removal of a marble-sized tumor from an African 
liingfiah aud the estraction of on impacted tooth from an 13-foot 

II T1 n dTLi-LlK. n MVii 


Treatment of infectious conditions lins been as successful could be 
expected considering the difficulty in handling some of tlie patients 
In ail, UP mammala, 17 reptiles, and 25 birds were under treatment 
Eveiy death that occurs at tJ,e Zoo is listed. When an animal dies 
every effort is made to determine the cause of death, and to profit 
from Oie findings. 


three emi^ror penguins received May 1,1950, arrived infected 

Mycostatin (Squibb) and Alivar 
i inhalation with n DeTilbig nebulizer was immediately 

started. One p^^in died within 12 houra; the other two survived 6 

died last showed 

ttat the mold was not sporulating, indicating that an early treatment 

^ ellectivo had there liecn oppor- 


Affiistnnce in post-mortem procedures and all histopathologic exam- 
matious were given by Drs. Eyestoue and Lon.bard, National In- 


5»vtuy''t Kc^prti. I9M 


PLATg S 



Nrw liUi!diiiK Ell Nfllioiml ^^^]n|li^c*■ll Park, Qpcptd Aturcli 15i 195^?, whirli houa^'j tlii: fnjilce limdiiuflirrcri, wiPmei/l and rneiPi reglL^ 
rcKkrrn, unJ, In thu biBEnLEni-i icufn^ ipacii and Uifi jfmdrricr^i alttcc. J^]iaTwgrfl[ih by [vrnBit iVaSktr* 







Wiient. or European biion {ffiras boKos-fij). 'flicjc are tliE fint of ihae alnmaia to he 
eihJbJicd In ite ^^al■anaE ZoolopcaJ ParL Wiwdf* are estincl \u the Vrilit and there 
ate onlv a fcw in captivity. This picture ahoiffs the high, narrow form eharnetcristic 
of the anirntl. They art much lesi m jjti^ie rhan the Aniefican bison* The photograph 
liiE*eftt tiightiy more of a hump ihan these animals poaiEss. 


SpcTEtiij'i Rn»rt, I^S6 


PL^TE 6 

















5eoTtir7''i Repeat. 


PLJ^TE 7 




Male -Jiiilja ililelDpe fatarMn} in Nition il ZiMloRs^ttl Pjirk, Ir Silurriyiii eran-c {Gfar ati|| Ijvjnf^ tii 

Phalagraph by dment P. U'llkcr. iflc ^Od Siftijr lliaH ^0 yi'arHr 





Pl-AtE 8 


I. Dwarf the fim that has been «ahibited in tlte NatEtsnal 

Zoological Park, ll slept through s prolobgcd photugtaphing aession. Such cxtrenicEy 
souDd sleep it chiractcpijilc ofaDiticoftieburroiwtiigaiiinialB. The verv ] ar^ digging 
elawtoi the fruot i^t ,n well ihown. Tlie Spaoiah name "tipafraico” for these anFmaJ* 
meant boitJc eap, in altuiiDn to tlie hard place that eovera the tear of the animal. 


SMfElBdy'i Rcqiitff; [9^ 



PfwtographB by Elrncat P* Walker, 
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stitutes of Health, arid the Tetarinaiy Baction of the Armed Porces 
Institute of Pathology. 

IMPROVEMENTS AMD MAJNTEMAKCE 

The new building cuntaioing restrooms, headquarters for the ijolice, 
and cilice autl storage space for tlio gardener, wliich was ojjened to 
Ae public March 16,1956, was designed by tlte Departmettt of Build- 
iugs aod Grounds of the Govemmeut of the District of Columbia in 
accordance with prorisioDs of law. The $197,000 appropriated for the 
strocture was carried in the District of Columbia Public Works Appttv 
priation for 1955. With the small unexpended balance of this uppro^ 
priation a driroway and a loading platfonn at the storeroom in the 
basement of the bnihling are to be constructed. 

The routine work of maintenance and construction, which is carried 
on practically every day of tlie year, consists of such varied faglm ag 
the removal of stoppages from drains and sewers, repairs of faucets, 
doors, cages, water lines, steam lines, bodeis, refrigeration equipment, 
buildings, roads, and walks, and in numerable nuscellaneous jobs noc- 
eraary to keep the N^ational Zoological Park in a safe and presentable 
condition. The need for the exercise of great care in worl^g around 
animals requires that practically all this kind of work bo done by the 
Zoo’s 0 ^ specially trained workmen, who must not only perform 
mechanical work but also cooperate with the keeper force so that 
nothing is dono that will injure tlio animals, the public, or themselves. 

All designing, construction, repair, and maintenance work done in 
the Park during the year were performed by the Zoo’s 
department, but because of inadequate funds this work was limited to 
that most urgently needed. It has been impossible to keep pace with 
(he deterioratioD of the old structures that require extensive repairs, 
and Some of tliem have had to be abandoned. Tlie mechanical shops 
designed and built new tnetal skylights for several anunal housed Ex* 
tensive repairs were nei’ossary to some of the stone buildings con¬ 
structed during IVPA days about 20 yeai's ago. 

Over a period of years tbcnc has been a gradual incFea.se in the 
amount of trimming of trees necessary along the roads, walks, and 
paths, and in the exhibition area. Because of disease or age, ttmna 
of the trees are dying and must be cut down. Others must be tr immed 
to remove dead or broken limbs that miglit fall and injure persons or 
animals, or damage automobiles or structures. 

The job of dcaolug up the grounds is a major undertaking. Using 
all available manpower, it usually takes 6 to 10 days to pick up the 
trasli and restore the park to a fair degree of presentability after 
Easter Sunday and Monday. This work has of necessity been reduced 
to a minimum. Tlie lawns, shrubs, and trees comiot be kept in as 


1126711—87--^10 
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attract!vft condition as they might be becausB of lack of maintenaiiM 
funds. Howevar, curtailtiient of this work results in loss lutmi than 
does the neglect of structures and fences. 

From time to time during the y&ar earth has been received for the 
fill across the road from tlie laTgB-majnmnl house. After the fill is 
completed a sidewalk will be laid on that side of the road^ proTiding 
a greater measuro of safety for the public. Until the fiE sattlesj the 
area will be used for a car-parking site, and later paddocks will be 
placed on it* 

The accessibility of the police headquartera in the new bnilding has 
so greatly increased tlie deiuands upon the police for first aid^ in- 
formation^ and general assistance that it has been nectary to take 
two men off patrol to maintain the service in the office* This leaves 
the regular patrol force shorthanded, even with the temporary part- 
time policemen that have been employed. 

In addition to routine maintenance conmderable I'sconstmcdon, as 
well 03 new construction, is neccssai^ to P^eet the requirements of ani¬ 
mals or changed conditions. For example, with the prospect of 
obtaining more penguins from the Navy Antarctic Expedition, ex¬ 
tensive work WES done on the penguin room with a view to filtering 
the air to remove practically all air borne germs and spores, maintain¬ 
ing slightly lower lemperatnres, providing chLUed water for the 
swimming pool and for hosing down the cage. As the cooling system 
has been in nse for 20 years and it is uncertain how much longer it wHI 
continue to function, an additional cooling unit for the cage was in- 
Htallcd. This will be used when the old system fails or must be 
repaired. 

The two young gorillas that were given the Zoo by Euasell Arundel 
in 19G5 have outgrown two cages, and a third had to be built. This 
involved not only bnilding a new wall in the great apes room in the 
smalhnmmmal house, but the construction of a retirement cage and the 
laying of a new floor. Also, a new thermostat was Installed to provide 
better control of the temperature in this room for the goriUos. 

With the appointment of a veterinarian it be?came necessary to pro¬ 
vide an office for bun and a hospital for the animals. An old stone 
building is being adapted for the purpose and a beginning made to 
equip it for surgery, treatment, and labor at oiy work. This lias re¬ 
quired installation of a new heating plant, remodeling of cages, and 
painting the inside of the building. 

vtsrroRS 

Attendance at the Zoo this year reached a total of 3,Ta8,220j an all- 
time high record. In general this figute is based on estimated rather 
than on actual cowiits, but tlie foUowing actual coiints mode by mem¬ 
bers of the poUee force on certain days are of interest: Eeptilo boose. 
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Sunday, September 4,1955,11,613 peTsons; the next day. Labor Day, 
9,661 at the same building j smail-raanimal house, Sunday, April 29, 
1056,0,517 visitors. On Suoday, June 3,1955, a check of cars entering 
the Connecticut Avenue gate in 1 hour recorded 200 cars with C69 pas- 
fiengers. 


Estimated ntimticr tif dsitan Jar JSjmI! 1956 
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Groups came to the Zoo from Echools in Formosa atid 32 States, some 
as far away as Alabama, California, Florida, and blaine. 
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About 2 p. m. each day the cars then parked in tlie Zoo are counted 
and listed according to the State, Territory, or country from which 
they came. This ia, of course, not a census of the ears coming to 
the Zoo, but is valuable in showing the percentage of attendance, by 
States, of people in private automobiles. Many District of Columbia, 
Maryland, and Virginia cars come to the Zoo to bring guests from 
otlier States. The tabulation for tbe fiscal year 1055 is as follows: 
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The remamiiig 8.1 percent came from Alaska^ Anstria, Britiaih 
Columbia, Canada, Canal Zone, Coeta Eica, England, France, 
Germany, Hawaii, It-aly, Japan, Meslco, Newfoundland, Piiilippme 
Islands, and Puerto Rico. 

On the days of even small attendance there are cars parked in the 
Zoo from at least 15 States, Territories, District of Columbia, and 
foreign coimtriea. On aTerage days there are cars from about 22 
Sliitee, Territories, the District of Columbia, uud foreign countries; 
and during the periods of greatest attendance the cars represent not 
less than 34 different States,Territories, and countries. 

Parking spaces in the Zoo now accommodate 1,079 cara whan the bu3 
parking place is utilized, and 960 cars when it is not used. 

COOPERADON 

At all times special efforts am made to maintaiti friendly contacts 
with oUier Government and State agencies, private concerns and 
individuals, and scientihe workers for mutual a^istance. As a resolt 
the Zoo receives much help and advice and many valuable specimens, 
and in turn it furnishes information and, whenever possible, specimens 
it does not need. 

Special ftcknowlcdgment is due the United States Dispatch Agent 
in Now York City, Howard Fyfu, an officer of the State Department, 
who has frequently been called upon to clear shipments of anhnals 
coming from abroad. This he has done, often at great personal in¬ 
convenience, and the animals have been forwarded to Washington 
without the loss of a single specimen. 

U. S. Marshal Carlton G. Beall turned over to the Zoo 50 bags of 
rice and 2(X> pounds of poultry that had been condemned by the court. 
The National Institutes of Health, the Army iledlcal Center, the Navy 
lied teal Center, and the Nutritional Laboratory of tlie Department of 
Agriculture gave the Zoo mice, rats, guinea piga, rabbits, and other 
animals no longer suitable for their purposes. These are valuable 
foods for niany animnls. The poultry division of the Department of 
Agriculture gave a considerable number of day-old chicks that were 
hatched in connecrion with certain of its esperiments, Tliese ore a 
highly desirable addition to the diet of many onimala. Thn Fiah and 
Wildlife Service also gave some young chicl^ 

Dr* John C- Pearson, of the Fish and Wildlife Services aquRrium, 
in the Commerce Building, has traded specimens and given much 
valuable assistance and advice. 

Samuel M. Poiley, associate chief of the animal production section, 
National Institutes of Ilealth, continued to supply surplus laboratory 
animals, some of which wera desirable additions to the exhibition 
coUection. 
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C. W. Phillips and P. H, Achenhnch of tho Monal Horcao of 
Staodikrds and E. W. Seidars of the General Serrices Administration 
pve the 2oo valuable advice in connection tvitt many of tlie problems 
me i dental to improving conditions in tlie penguin cage. 

The National Institutes of Health, the Armed Forces Institute of 
Pathology, the Johns llopkins Medical School, and the NenrophyB- 
lolo^y section of Walter heed Medical School have given valuable 
assistance and advice in the treatment and handling of uni[naIs, The 
^logical diviffloji of the U. S. Department of Agriculture Research 
Center, BeltgvUle, Md., continued to Identify parasites found on the 
animala 

Dr, Charlra G, Corbin, agsociate veterinarian, medical division, bu¬ 
reau of medicine, Pood and Drug Admintsfratioii,, has supplied the 
Zm n-iti surplus medicines, and the foIloiviDg commercial firms have 
been estnemoly kind in furnishing dings for use and for clinical trials; 

L^erle lAlpEjrBlDiies, 

Sctenley Ul)orator7, me. fphanEaeeatlcal dliiston). 

EL R lSqn[|>I> tk Sons, 

Upjolm Co, 

Wjetli Lj^borat^rleBL 

^iB DeVilbiss Co. lent equipment for experimental purposes, 

At the request of the Pan American Sanitary Bureau, a branch of 
tbo World Health Organization, Emeat, P. Walker, Assistant Direc¬ 
tor of the 2(Jo, went to Hresieo to photograph hatSL Mr. Walker has 
specialized in the photographing of mammals and has taken many pic- 
tors of bats, both dying and ut rest. Certain spedes in Centrail and 
^uth America have bwn found to bo involved in the spread of rabies, 
^ero have been no satisfactory photographs or drawings that could 
be iiaed by public health workers and others to determine and demon- 
^ute tho kind of bats (bat they might be studying or discussing. 
Therefore, they desired photographs that could be used in this work. 
Mr. Walker left Washington October 31 and returned December 22. 

NEEDS OF THE ZOO 

Because of the natural deterioration of structures and equipment, 
and rismg costs, the need for more funds for raaintemmee. repair, and 
improvements breomes more critical every year. Tlie newest of tho 
exhibition buildings are 1& years old, the reptUe house is 26 vears old, 
and the bird honse is 2S years old. These and die buiidings and otJier 
structures that were erected during the depression days now require 
a constantly increasing amount of repairs. It has recently been neces- 
saty to abandon 10 enclosures that have deteriorated to such an extent 
that they can no longer be repaired. Large areas of dm grounds 
have had to be neglected entirely, or given scant care, in order that 
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the meager funds available may be used to maintain the areas moat 
used by the public. 

Additional funds are most urgently needed for peraonnel, mainte¬ 
nance, installations, and the following oonstmetion: 

A new adminietration building to replace the IBl-year-oH historic 
landmark that is still in use as an olTice building but that is neither 
suitabl y located nor wel 1 adapted for the purpose, 

A building to bouse antelopes and other lioofed animals that require 

a heated budding. 

A tireproof service building for receiving nnimals shipped m, quar¬ 
antining them, and caring for those in iU health or those that cannot 
be placed on exhibition, 

Enclasutet! 

TUnclosurcs and pools for beavers, otters, seals, and nutrias, which 
cannot be adequately cared for or exhibited under existing conditions. 

New paddocks for the exhibition of sneh animals as deer, sheep, 
«oats, and other hoofed animals, to provide for tbs eshibition of a 
^eater assortment of these attractive and valuable animals. 

I-ngtaUatioTis: 

A new ventilation system for the bird house, 

A vacuum pump to provide more efficient and economical operation 
of the heating system in the reptile house. 

An air compressor for general use about the park, partocnlarly for 
freeing sewers of stoppages, oi»ratmg air hammers, blowing out 
boiler tubes, and for use in excavation and construction work. 

Additional parking space to be developed on about 14,000 square 
yards of land in several different locations, mainly near the creek. 
An additional coal bunker for storage of a reserve supply of coal. 

P^rsormd and 

1 assistant director, Tlie steadily increasing popularity of the Zoo 
OB a source of both entertainment and education has developed such 
fl volume of requests for information that there is now need for an 
additional scientist to share the load of answering quofries and to as¬ 
sist in other administi-ative work so that the Director and Assistant 
Director can devote more time to general supervision of the Zoo. 

1 general medianic to aasist the maintenance personnel in what has 
hitherto been a losing race in trying to keep pace with natural deterio¬ 
ration in tile structures. 

laborers for the mechanical force to replace 0 who were reallo¬ 
cated by tho Wage Board to the position of truck drivers, thus cutting 
the laborer force from 13 to 7—a number way below the minimum 
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Dscessarj to cany on even the mogt urgently needed work that must 
be done in the Zoo every day in tlie year. 

1 gardener (foremnn) and 1 JaborBr for the gordener’a crew for 
proper maintenatioe of the grounds, removal of dead or fallen tree 
limbs and other safety hazards. 

9 attendants for the public refit-rooms to maintain these rooms in a 
clean and sanitary condition and to prevent vandalism. 

2 policemen to serve os station clerJm in the now police headquarters* 

3 property and supply clerks to comply with the requirements of 
keeping property and inventoiy records, in accordance with the pro¬ 
gram laid down by the General Services Administration. 


ANLMALS IN THE COLLECTION ON JUNE 30, 1956 
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IVicAwnin£» _, 

Plifl4*oloinyfdBe: 

ZronWixTiui ia/ijrona,__ 

Aimfius., 

Macrnpodidne: 

BfFujtJimiui__ ^ 
f^VPt^pnfmtunifm mo^chfiluB 

MacropuA _ 

Afncropu# _ _ 

P^oiflntnaefffFi a^7x9^_ 

httohr _ 

di^salii _ 


ErinaoeidBe: 

£Wna£«i£« mrapaeia^^.. _ 


MAMSlItlAUA 

w . - - Waolly opngga mn ^ , _ _ _ ^ ^ 


= — _ _ LtM&r flying pluklnnger.,, _ _ 
-, VulpioB opoesuai_ 

, - _ _ H Hiry-poted wombBt^___ 

MfiinlBnd wombftt____, _ 

—Trte kflrigaroo_____^ _ __ 

- lint klllEgElTDO-,,. _ ___ 

- ^ _ Gray k&ngamQ __ __ _ 

Ked kBDgBTOO,^_ 

—WAilBby __ 

— SwBjnp walliLby_ ___ _ 

---- Blaok^atHpcd w BlInh y _ 

iNSECflVOfiA 

— European bedgehog^^^^.^_ 


Lflimiridfli?: 

Galaffit crCMMKa udalu^. 
OataffQ 

__ 

i/cmur _*_ 

LojiBidae: 

roufanf,-.^ 
Perodicficui __ 


rmuATEs 

GaJagci._^^___ _ 

___ Africa^ galiiga___^. 

.— Ai;otiiiib& lemur_ 

— Mongos Ipmtir_ 

_ _ SlowJnrla^^^__ 

Potto___ 


2 


a 

1 

3 

1 

1 

S 

3 

1 

J 

2 
1 


i 


4 

2 

2 

1 

3 

1 
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Sci<njx]|c name 

C&bidRje; 

Ateli* fuJtricep - 

At^lea i^^ofroyi or gH^itns- 

AuUi FaifcrMirf__*-__.- 

irivirgGius^ --—- 

Cacajno riiHcuti^uj- - - - - 

CGlhmko gMldii - - --- 

CaAtu oUfifrQm^^ -- — --— 

Cftw* eapuanu^ __— 

£7e&uf /aiutf ^ ■ w——_ 

Lagolhrix tagotricha^ -- 

SGimiri sciurauJ- - —— - 

CaUitliricidM: 

Ci^(I.ithrix pfcfjfroyi- 

CGililhra penidU^^G -— —- 

CehwUa -- 

r<as9^(ci. _ _ - ^ - 

MafiJtiTia Jii'prtiioEIis _ __ 

Cer copi tbecidu^- 

^ltc>ujpi?Afn« ni^frwiWdii-.^ - -- 

(n!^ipc»fl—-- 

Cwoftfeita aS^rnrtiHi-- - 

£7erMc«&(iJ aisrrimwe QpdenhG^hii - 

Ctrcofe&w c^ryao^ffis^er—- 

Cercoctbu* fultgintmj ^ ^--- 

Cerco^hu* galeritui affiU9m - 

<7erco<^<&iiJ ror<rwa^ttf__^ - -- 

Cercapi^ecuM aeifiiopt pyger^^tir.-- 

Cercopiihecus aelhiGpx - 

CtTcopiihttrtia aeihiop^ iGbaeni X C. 

CL pggergihrus^ 

CercGpiiherui - 

Ceria^’f/watf diana- ^^ - 

[/unci _ 

C^eapilhECUM n^gl^citis --- 

CercppilAcfiiB ni^JiVoni-- 

CereppCfJ^^trf nieiilam 
CercopilhetuA preuen^^ --- 

Cnlchut pof^jfepJrtM-- 

CoMopiMffuv feamod/^as_ 

ilfocaca ITU* __ 

nuiurcH.-..^^_ _ _ _ 

jVpaaaa fnu£aE£a-^^__ _,_ 

Mqco&i rtet^tM^nn^^___ _ 

^facGca phiii ppintn^ii^ _ _ 

Macaco dmca. __ __ 

Afdfioca flpecioff^ _ __ ^__ _ 

Macaco ^iE^anui-.^_ __ __ 

MariJrdi'^uj _ __ 

jPappfl 

Papio c£rni^7>Apiuf _ __ _ 

Prtthglit phagrei. __ 

TAerppi^^iifl ___ 


Ccmtnon name 

CkilonibioB blnok Beider motik^y^^ 1 

Spid^f monkey__ 1 

Spider monkey,-.-1 

Night monkey__—.^___ 5 

Eijd Kikiui___ - 1 

Goeidl^e nmmiDBet-—-^__ 1 

Brown eapucMn monkey_S 

WUte-thronted CApUoMu moiikey- 3 

Capuchin monkey ^_ 4 

Woolly montey^^___ 3 

Squirrel csoukoy,--- 8 

Geoffroy^a mjiniiitftet.^ ,^-.- I 

Blaek^^tiifted mRrmOfiet,-^—,- 1 

Pigmy marmoBet_ 2 

Golden marmoBetj--^__ B 

Black and red mnimoaet-^__ I 

Allen's monkey*,-^--- 3 

Gmy-oheeked mangabey _ „ _ ___ 1 

Blnek-c.reated mangnbey___ 4 

Cfcflted mangnbey.___ 1 

Goldcti-bellicd ntnn grih^y I 

Sooty mangabey_ 4 

Agile 1 

Red-crowned marLgabey____ 2 

Yervtt guenoQ__... 2 

Green guenon_ _ _ 6 

Hybrid^ green fuenon X vervet 2 
guenuD- 

MiisiaehM monkoy- __ 4 

Diana tuonfcey^___ , 3 

Roloway monkey_,,_^,___ 1 

De Bmara^s gueiiisn.___^___ 3 

WMte^tiofted guenon__1 

LeEBer white-noaed gucrion. __ 1 

Preuaai'B guimonw^__ 1 

Whlte-taUed eolobuo_ _ _ 1 

lismsdryaa baboon_ 2 

Jaran maeaque..._ 2 

Moor macaque_-___ I 

Rbeaiid monkey^_^_ 14 

Pis-talled monkey^-____ 2 

PhiJlppin<s macaque___2 

Toque or bonnet monkey_ 1 

Red-fneed macaque^____ 1 

Barbaiy ap*,__ 12 

Mandrin,^_ 2 

Chacma bAbuon____ 1 

Golden baboon___ 2 

Spectacled iangur-__ 1 

Gdoda baboon_____ 2 
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Number 


Fottgfd^e: 

Gorilia QoriHa^-^ ______ _ 

Hj/hbalta offilti X H. tar piUnhie-^^- 

Hyhbiitea __ ___ 

N^lobaUt iar ___ 

H]flcbaiee moloch^^^ ___ __ 

P^Tt tof^rua____ 

PcTitfo pifflmMiit _ 

Ponifo p^jpmd4u^ p^fwia^ixs____^ _ 


CeiTTifflan name 


Qarilla^^^^^. __ _ 2 

Hybrid gibbon,^._ __ l 

HoqJocIc^^^,^^ _____ I 

Whlto-bajfidcd gibbon- _ 5 

Wau-wjiu i^bboQ __ _ t 

Cbltnpaiueo- __14 

Bornean orangutan,-^, ___ I 

Sumatran oroegutaG,^ __ 2 


EfdlEHtATA 


MyrmecopbagldAe: 

__ 

Tamanduo triradadi^^a^,^-,**. __ 

Bradypcididim: 

CAa£i>epica dfdari^iiu __ _ 

DflsypwiEdtte: 

BurmHiteria reftwa__ _ _ 

ffillotut*.,, __ 


Giant ftnt-eater_ 1 

Tamandua-^^^___ 3 

Two-toed alotb__ 4 

Tapftfruaao, or dwnrf armadlLin^^. 1 
Hairy armadillo___ l 


LAOOUOBPnA 

Leporidae: 

(}rifctolaffUM fumculbd__ _ Dotneado rabbit-, 

Sj/lviloffut fioridana __ ____ Cottantail rabbit-. 


Sciuridae: 

Oi/fftfeTtmcr ftp_ _ __ _ 

CdJlMctwrBS ranicepi-^ _ 

CaJloMriuruA erpiKraeu$ __ 

Car/ejftuna 

CiieUut umfuifafuft bmniootiU. 

CyrwTOi^ fudewirianuft-___ 

^rfoucDiRyi H?aaff voiane __ 

MeneUs herdmvrti _ _ _ 

Ratiifa (iid?ed__ _ 

ffliiTUft ... 

Tann'av __ 

net^romyidae: 

Peroffnathue parvue oiivaccut^ 
Caatoridae: 

CaetfiT canadojisij^^^^. _ 

Cri{:eddafl: 

Mcioericetm nur^ilw# 
Mnridae^ 

Acamifi r^harCntu _ __ 

kaieeri- ___ _ 

dm'AinfAuj 

jTdm&iafint. _ , ^ . 

Mcrimet unguiculatue^^^^^-. 

Phloeomya cuminttii^ _ 

JZolfuj ii^rolt^tear _ 

Raitwt acubcin vft , , , ^ . 


AOOENTIA 

_ Southern Asiatic squirrel ___ 

, * _ Golden-backed iquirreL_ _ _ 

_ Fallaa'^a squirrel ___ ___-, 

_-- Southern Aaiatfc aquirreU,_ 

— AfetJo ground squirroL,,, _ „ , 

_ Prairie dog___ __ _ 

Eastern flying squirrel __ - 

Bofdniore^e equlrrel _ _ 

_-- {jlanfc Indian squirrel__ _ _ 

.__ Poxequlrrel ___ _ 

.-_ Eastern tlUpmunk^* _ __ 

Poeket itiouse^---^ _ ___ 

__Beaver,^_ ___ 

. w Hattisler**^^^---*^ __ _ 

Egyptian spiny mtmse. __ 

Rnck rat_____ __ 

Ensu rat__ ___ 

_ - Giant ponebed tat>. _ _ ___ 

Mongollftii gerbil __ 

-, Slaoder-iftiled cloud rat ___ 

KJnubaln tree rat_ _ _ 

_X^rge apiny-bflcked tree ml _ _ 


10 

1 


1 

2 


20 

ID 

1 

1 

] 

1 

1 

1 

6 

10 

1 

1 

4 

a 

] 

i 

1 


» 3 1-4 
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Swntifie na»ii 

Gliriduc; 

Gra;?Aturui murinus^. ___ 

nystricidne: 

_ 

Hyitrvt ^aUala __—- 

Cavil dae: 

Cawti poTceUm^^ -^— 

HydjtHihoEridae: 

/J^roc^orntJ . 

Dnayproctldao: 

CunicuZiif - 

DtuypTocla^ _- ^ ^ ^-—- 

£>ftuMn2/fl &n]nidh'i..__— w- 

Cliiiiclilllidflfl: 

ChinMUa chinchilla-—. --- 

Laffidium vi^cfXcda -- 

GapromyJdfte; 

MpocasioT cojfpus ___ 


Ccrmwion name ATtim&tfr 

Dormoufle^,___ 1 

Midfty popcapittc-™,^ - - 1 

African porcupine _ 5 

Guinea-pig-, _,__^_^_ 

Capybara .. 4 

__ h 

Agouti,,-^_ IS 

Speeded Agouti _ _ 6 

Branick'a paca_ __ 2 

ClilnchiUa-.. . 2 

Paruvian viscaccia _ 1 

Coypti-- 3 


caanivoka 


Ganidae: 

Qinijr aniorcfinir_- _— 

Conifl fupuff ni4bi7ufl.... ... 

CAai» jn*seni£if»___ 

C&ni9 ni^«r rli/y*_ 

Fenneev* -- 

L^c^on piduE _—--- 

N^cicrcuiet procifmpid^t^ - 

Otoc^en 7n«faf<7ri>. -^__ 

Spiaiho9 MTioiicttr---_ 

Uroepon cinertoargent^uff .. 

Viifpea /i(?i'a_ -----— 

Uraidae: 

EuarctM ctmericanuE --- 

Hclarciot ^ - * ^_ _ 

jSfitfMfcfoff ... 

fAi^Efanut jopimu;yA,,___ 
S^icncirrfM ihihttanut 

Thalarcicn maritimm^^^. ___ 

TTiafurcfoi mariiitnm X Uraut mid- 
dendwj??. 

TV^murefos ____ 

Urtiia ap________ 

Uraut ardoB^ _____ 

art^M ___ 

Urcu* ___ 

Utbvz honibilu __ _ 

LFrsua middtndorfi^^^^ ___^_^_ 

Uraui AiiJtejwt*,,,,_ 


Drnga—^__ 

Wolf__ 

Btaak-bAckad Jaokal-..__ 

R?d wolf_____ 

Fenoec fox_,___ 

African hunting dog..__ 

Raccoon dog____ 

Big-tAired ___ 

Bush dog-^____ 

Gray fox,,,___ 

Rod foi____ 

FlAUnuin fox___ _ 

Black bear___ 

Malay nun boar__ 

HimalayAn bDair,,^,,_,__ 

Japanesa blar/i _ 

Koroan _ 

Polar benr^-^--.^_____ 

Hybrid bear 

iKCond generation 

Spec fcacled boar_^ , __ 

AlaakAn brown bear_ 

European brown hear-__ 

Syrian brown boar>^-^_,,, 

Alaskan Fcninaula bear.^_ 

Grirxly bear^^^^.^__ 

Kodiak bear_,_,,__^ 
Sltka^brown b&ar_>-^__ 


1 
4 
1 
1 

f 

2 

4 

2 

11 

18 

4 

3 

3 

2 

1 

3 

1 

4 
3 
1 

2 
1 
2 
2 
2 
2 
3 
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name 

ProcyoDldae: 

/uJJp^TUT---_ 

(KitW_ _ 

RjMdrHctw aaiutuA^„^ __ 

Nasua nanca-^-^ ... 

A^atifd nasm^^ ___ _ 

Puiat _ 

Prac^Qfi iotar^^^ _^__ 

^ufl/fZa «iwrflfni37inx_ __ _ _ 

fr^nata, novshorac^aie. 
Pitritnura 

pAenor^^^_ 

Tfflwffa _ 

Tayra bonbarei__ ___ 

CryptoproctidAe: 

Cry ptoprflciA _ _ _ _ 

ViverridA^: 

Arctidie biniurany___ 

Afiior pofudiruAtiA_ _ 

Ci^ictix ctviUa,^ __ 

Gejutla _ _ 

CeneUa yeneiia nmmanti^^ _ 

Herpatl^ tcAivuwn_ 

/c^MAjnia oib^cauda__ 

Pa^tima ^arvctfa taipaiu_ 

Vivirrd __ __ 

Hyaonldoe: 

Crociita cfcwtilfl 

Hyaena _ 

FeRdae: 

/•^cfnonyz: /u&fflffl, ____ 

FdtM _ _ 

Fela _ 

Feti$ ho _____ 

fflcreata^^^_ 

FtUe imea^^ __ _ 

Fefti __ 

Fei« pordd^u __ 

FeUe parrfu*^-*^^-^_ 

Felie _ ___ _ _ _ , 

F^IU fiynt .. . 

Felit viedv-^-^ __ 

Lynx eanadentU^^-^^^^. __ 

Zrytii rt^itf ___ 


Common waHJ# 


. _ Lesser paii(ia____,_ _ 

011d£o__ __ 

. _ Erngtail, of eacondatl^ - ^ 

._ CVifl tiT»iin Hli_ 

._ Red 6oatiinuDdL.^..___ 

Klfikajc^a^^^___ 

.- RaecDOD.^^__ _ 

Albmo _ 

_ WcaHoJ—^ __ 

_ Flat-Lfliled otter- 

CAUrorpiA spotted ekimk 

Badger____ 

._ Tayra—^__ _ 

._ Fossa... . 


- BSnturoiig_-_-^^„_ 

« Water civet--,,_,,, 

^ Afncan dvet--^^ __ 

_ Gen&t_ ___ 

- C^oet-- _ _ 

, AfHcao tnongooee_ 

_ WRite-tailed mongonse- 
. FormosaD moaked civet. 
^ GirouQd civet, __ 


._ Spatted tYerstt-^-^----- 
- BtrEped hyeiLB_,,, 


- CheetalL. 


-1 


Jungle cat_ 

Puma__ 

Lion___ 

KaRer oat-_ 

Jaguar^ 

Pampas _ 

Ocelot-__ 

Airican leopard, 
BLaek leopard_ 


BervftI cat 


^ Bengal tiger. 
_ Morgaj eat, 

, Lyni-,,__ 

, Bobcat,-,, 


PJSJWEOiA 

OtaHidae; 

Oiario Jlawacen* ...Patagonian sesr-lion, 

Zo[n;]Au« caiiyorniafiuf.—,,,,*, Sea-lion_ 
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JV'amiber 

2 

1 

2 

4 

1 
6 

Ifl 

2 

3 
2 
2 

1 

2 

1 

1 

4 
1 

2 

2 

2 

2 

1 

1 

2 

2 

2 

2 

,, IC3 
9 
2 

3 

1 
1 

4 

2 
1 
3 
1 
1 
2 


2 

2 
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Scienlific mir7i4 

Orycteropodldae: 

OiTfdtropus q/er, ^ ^ ^ -- 


ElepK&ntidae: 

mozimu^ 


H^iifdiLe: 

—- --- 
fcuFtAiiii (iniiqTiorufn. 
tTirfAfiit tewAmr- 

Sljtitw 

_ 

EquuA jtrwwi^kii - - 

Tapiridwa^ 

-4trocflJia - -- 

7\jptnjj --- 

rthinocCTotidii*; 

DicrffM hivjmiM — -- - 

HhitiocNoe imv€mix - - 


Ccmifnwi nut^e ^TTifrtftrr 

TDBOlJllEKTATA 

_ Antb^aTp or aardvorl-- 1 

VBQUOSCmfLA 

.,. _ Indian gt&phant-^^^^^^ — ^ 

reai^ODACTTLA 

,_^^ RurtOj or doiikey_ _ 1 

^_, ChapniaB^s robra__ _ 1 

_ _ Grant's 3 

_ Grevy'i zebra..^^ -- 3 

__ AflinUa wild ii»r or 1 

_ __ OQftj?er__ 1 

Mongnliftii wild haree- -- 2 

_- Indian -- 2 

__ _ Braailiaii tapir-- 2 

__ African rMnocerotf _ 2 

_Graat Indian oiiB-tomed rhinoc- 1 

eim 


Aa-nnDAcTYU 


Suidae: 

jSiia ff<?/o/a----- 

Tayaeoitldnc: 

Ptcari Id/aeti qn^idliur-- 

Hippopotami doe: 

ChoertypmM libmcn^U^ ^ - 

Hippapolamui ampAi^iud----. 

Camclldno: 

Cam^^ufl tocfriflaia--- 

Cdffir^uj dromcdaniis----^-- 

Lama ---- 

Lama shma ffwtnito —^ ^ ^ ^^ 

Loinj? piUM.---.- 

Vicyjpifl Pitugna --— 

Corvidew?: 

dxtr (KPriJ,---- 

Cfiffltw eJnpAui__„-- 

Cfmis Bippm_ — 

CffrtTtf mppfm 

Dfttna danm____ 

J^phumJ dovidxqntEi _ _ , _ _ _ _ 

Hydropoi^^ irtcrnaiA.-.-r__ 

MunHaaa mur^jak^ ___ 

OdoeGiUut virgiitiQnw ___^ 

OdfKiritEui nF'^EfitVanuA caitantttLfi^. 


_ European wild boar. 

^ CoUflied 

_ Pygmy hippo____ 

^ Hippopotamus_ 

_ Bactriftn caniol,,.^__ 

, Single-humped cmnet _ . _ 

_ Llama___ 

* Guanano,_------ 

_ Alpaca^,, ^__ 

- Vleolia^---^____ 


Aiifl deer_— —^__ 

Antcrkaa elk_____ 

Red deer^ _ _______ 

Sika doer^-^_^_ 

Dybowsky's decr,__,,,.. 

{ Efqwd fallow deer___ 

While fftltow deer__ 

Fire David's decr,,____ 

Ctunese water deer--._ 

Rib-raced deer_____ 

VTrgiiaia doer__ 

Costa Rican denr,.,^,^,^^__ 


1 

2 

e 

3 


1 

8 

4 

4 
1 

5 

e 

4 

d 

2 

19 

n 

2 

4 
2 

14 

5 
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nami 

OKraffidae: 

Giraffa cam^lopardfiiU.^^^ _ _ 

Giraja cam^lt^pifrdiUii 
AntllocApHd^: 

AjiiHwrapra arn^rjcanci____ 

Bovidae^ 

^irpta__^____ 

Anoa dsprtitieomit-^ ___ 

bi^an ___ 

Bwm tonaffu#-- --- 

Bm indicuf^-^ _ _ _ _ 

Bos taurus _____ 

^vfcafti« buhatis _ _ _ _ 

Copro qf3 mjfnffi't ... 

Gapra ___- 

C^pAo/qpAuj niffnfrons ___ 

Htmiiraffu* jtndahicas^ __ _ ,__, 

Oins maJi'jnon- 

FoapAcr^ ffrun^iens __ 

Piewfais na^uT^ ____ 

Sai^a ^qfqrfra__ _ ^ ___ _ 

5jffiren« caffsr ____ 

T'flUJ■^7^roflut orpz ___ 


Cimmoti nAw$ N-umbcr 

Kiibilm giralTe-^^___ 5 

Reticulated giraffe __*_ 1 

Proughom antelope- __ _ 1 

Aoudod_ 18 

___ 2 

Gaur__**«w- _ 5 

Ainericau biflon^^^ _ _ 7 

Enropenn bbon, or wiseDt _ 2 

Zebu __ 2 

I West HigMond or Kyloe cattle_ 5 

[BrltLih Port 12 

WatEf 1 

Cretli«i agrimi goaU.-._ 1 

Dorneatie goat„_ IS 

Black-fronted duiker __ 1 

Tfllir-^^ _ 2 

Muuflofi-- - 3 

.. & 

Blue 1 

Saigft antelope _^__ ^ ^ 3 

A/iieoD buffeio _ 3 

Elond-,^-^ _ 2 


BIRDS 

SPSEnBClFOniCES 

BpeniBcidae: 

dp^odirtca pa^affoniro^^ _ _ _ King pengtdti___ 4 

_ _ Adelle penguin 1 

SpheitiscuM hvmMdti. .... Dmnboldt’a pengmn- _ _—-^ B 


Struthiouidfie: 
■?tru£Aio camc^uj-. 


3TlUT1on?riF0KUE3 

OatiiclL. 


1 


Rhcidfle: 

Rhea atnerioana-^ 


Rhea--,- 


CASDAAEIFOiadES 

Casunriidne: 

Ctmioriua tinappcndictdotui 

niwppcTtgfi'cnJatu* __ One-wattled cftssowory. 

DroTniceLidae; 

/>rexmic«}ut fiaracAo^dadtoe.--..- — 

FUECAniFOBJIza 

Petccflnfdae: 

Pckcauiif crj^lkrorfc^ncAM--- White poSlcon,,^^- 

Pei^anua omdcrtici/w occidcniiUis^^ Brown pedcan,,.,,—^ 

P«/«caniia emcjcrotofwi- -— Hoec-colortd pelican--- 

Phalacrocoraeidae: 

Pholaefaeorax auHtue albocilitsius^-^^ Forallon cormorant^--w 


2 


1 

4 


6 

2 

Z 


1 
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name Commfm nsma ^timfrer 

GCOKllFOBME^ 


AtdfiidEif: 

Flmda ca«rufea^--__ 

Lmcop^a]/! ihula .- > - 

Noiaphu^ ttdHifAi^Z/ciTidiap__—■- 

Nyciiemw nydici^ras hoactli-^^r. - 

TVpn'jOTOa li'neafUTTI-- 

Balaen Ecipitidfie: 

tex-. --- 

Cot^eariidAe; 

C^c^feon'ut — --- — 

Ciconildfic: 

DlWPUrd «pUCD^U4__ 

Leptoptilv^ 

Lepioptilw japanicue - 

TtkrcakioniitMdac: 

Ajaia ajaja __ 

--— 

^ucfpcnmui rulwr,^— ----- — - ^ — 

JIfyefmfl aswricATMi,-— 

Piegadi^ atriumnoJi#- -- - 

TJirtJshwmie ------ 

PJioeniMpteridae: 

Fftofnicopfffnw ati^i^orurrt - 

Phoenicopitnu chilenei^ - — 

Phoenic^temw - 


Blue herocL___ ^ 

Snowy egret.. 3 

■Whlte-fttcMl heron_— I 

BlackHsrowned night herDii__ 3 

Ti|er bittem—-- 3 

BhoebtlJ,.. 1 

Boat-billed hflron_,___2 

WooLy-necked 1 

Marabou etork^_ 1 

Loa&or adjutant___ 2 

Boseate afKjanblH__ 2 

mite Ibfg...-,— _— 3 

Scarlet ibia_ 3 

WcHidibis^.^__ 1 

Glossy ibifi_^_>,_..._ 2 

Black-headed ibi3___ _ _ 1 

Old World flamingo_ 1 

Chilean flamlngu, 2 

Cuban flandngo___ 1 


AFfSEBTPOHMES 


AnhJmldae: 

C^oTxiia ,-- 

Anatidae- 

Ai* apOJwa——------- 

Air tjMn^Ej X Ap^ftyn amenmna--^^ 

Aniu ---—-- 

Annt ertren caroJ^nrans—--- 

Anne dUters ----- 

Anas plniyrhyv£hos --- 

Alias ptaiurhynehits X A. di^me^Ocn^ 

Anns pJaSyrhyrnrhes 

AnPf jjlalyr^iyjicftos X A- acuia^^-^^ 

Anal pOfisJJor^ifJMAa-- 

Anas rH&riprl—--- 

Amfr albtfrone^ --- 

An^er ontcf dnm«8ii(ru4---- 

An^emnut srfnipa^niP^d__ ____ 

AytAya aiHfriconn___ 

Aythya iMtfisindna^,_-^— 

frnnta tanpde?i^___...._ 


Created Bcreamer___ 5 

Woodduck^-^_7 

Oybridp wood duck X red-headed 2 
duck. 

Plntaii dtiek___ 4 

Giocn-winged ^___ 3 

Blue-winged teal-__ 3 

"Mallard duek__,__ 15 

Rouen dtick_ 5 

.White inallnid duck___ ! 

Bybridg mtiilard X Peking duck_^ 24 

Peking duck_____^_ 50 

Bybrldj mallard duck X Aiucrleau 1 

pixitaiL duck. 

tndiau spottcd^blU duck__^_^ 1 

Black dui^k_ 1 

WliLto-fiionfed gooae _ __ _ 2 

Dornestlfl Chme$9 gooce—_ 5 

Auatrnllflii pled goose_I 

RcdAxCBded duck___ 4 

Canvasbaok duck^^.,___ 3 

Canada 44 
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Ip^umfler 


Ana tidae—CoDtlniifid 

Bmnia canaiUnTit cAiuidenstM X Chen 

jEfmtiia cfluod^naii minima_ _ 

J^ran^a canadtnsiM ocstdeniaHj^ _ _ 

Cbirtna moschalar^^^^ ___ 

CtreopiiA ti^s<itfkoliandifi£>M m. __ _ 

Ch^A idluntiCQ^^^^ __ 

CAm artTidetant ____ __ 

Chin hypirboTAa _ _ ___ 

C^n fiMJi-,_ ___ _ 

atrota. _ _ _ 

ChU^^haffa lencoptera __ 

CHraro&o cixasraba-^ __ _ _ _ _ 

C^ffniit eolunibianui^^^^ __ _ _ 

Cj/(;na4 cpffnvM^^ __ 

C)/C>^UI P?OT__ , 

Di%drQci/{jnQ _ 

Dffidran^jiaa j^orfHieu/a^ _ _ __ 

Balahipia _ __ 

AiTareca rnTTuricajia ______ 

ATfftta _ __ 

N^oca affinit _ _ _ _ ____ 

PhilaeU cATWffica^^^ ^ ^ _ _ _ 

PiMitetpitru^ ^mbentU ___ ,^__ 

Sartidiomis mffeittehfa, __ _ __ 

SomQttria m^iliinviG __ ._^___ 

T^adoma iadoma.-,^__ 


Ci>ivifnOA name 


H;^bridp Caiiad& goose X bJoe 2 
goose. 

Caokling goo3£>, _ 14 

Wbite-olieok^d govtie_2D 

Museavy __ _ 12 

C&|>e Bxuren goose_ __ 2 

Snow goose_ 7 

Blue goose._ 3 

Lesser EDow gooso,^ __ __ __ 2 

Hosa's goose _ 4 

Black swan.___ 3 

Upland goose_ 2 

CoBcoroba__ I 

Whistling swan,., __ 4 

Whoopar 2 

Mute swan__ 2 

Black-beUied tree duck_ _ 35 

Mnndimii duck^^__^ -__ 2 

In dittn bar-^headed gOOde^_fi 

Baldpato _ __ 1 

Red-clested pochard_1 

Lesser Bcaup__ __ J 

Emperor goose. _ 2 

Spor-winged goose^.._ 1 

Comb duck_ 1 

Eider dack__ I 

European shon duck ___ 1 


fALOONEPOElfES 


Cathartidafl; 

CofAortss aura__^__ 

CoT'fl^ps o^rolui__ __ _ 

Oypt rueppelH _ _ __ 

Fseudogypt o/ncanus. ____ 

forcomtnpAui __ 

SagittArUdao: 

Sa^iiariut ^rrprnian'ui ___ 

Aceipltridao: 

BiUta ja maiemti*^ _ _ 

Itneoitu-^_____ 

BuftiO .. 

__ _ __ 

/falufslus lst£co«pAaftifl_ 

Hnlineetus Uucoffiui^ __ 

//o/walur ____ 

flarpin harpi^ja __ _ ___ 

Afi/nifs ehimacktma^^-- _ . 

AfifiKiiro d^imontfo---- 

A/ifrej miiTTOBt porofifwS-w^ _ 

Morphnus QuiarunnM^^ ___ _ 

Pandiem haHoitin airclinennM^ __ 

Pitk$cophagui - — 

SpilfUtUi PTTUUUi^__—----- 


Turkey vtiltnre— __ 4 

Black TultuiB--^_ _ _ 6 

RDppeira ATiltnio __ _ _ 2 

Vulture__ _ 1 

King Tiiiture,^^„^^^_^, _ _ _ 1 

Becrctaryhlrd_ __ 2 

Red-tailed hiwfc,_^_ _ 7 

Hed-shouldered hawk _ __ 1 

Buzzard eagle___ 1 

Swainsou's hawk__ 1 

Baldea^e.^^ _ 10 

White-breastedaefl eagle^1 

BmTimlny _^_. 1 

ITatpy eagle^^^^__ ^ 

Yellow-headed miivago.1 

Ghimango^r _ 2 

African yellow-billed kite^.-_ - 3 

GulaMn crested eagle_ _ __ 1 

Osprey^___ fl 

Monkey-eating eaglc—_ _ 1 

Afanduit's hawk^eagle.-^ __ 3 
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ETcftfliH/lc ftOUKf 

FalMrtidae: 

Fflfco mfiricanwif - -- - 

Fako jrtncgfifiujT analum- 
Palca ffjjanwitti ^ * _ * , - 
Piil^boniM pLancua -- 


Prairie fakom^ - -- 

Duck hawk.^ _ _— 

Sparrow hawk. 

SoTith America camcara. 


CAlLlPORMEa 


] 

1 

2 

a 


MeEapodlldae: 

A/(c£7<ra ^--- 

Cracidae: 

OiJi a£b«rfi.^—- 

Oaar panam^vuia... 

Fhaf^lanidae: 

—-- 

Artfutiaaiiir enfrrf — 
C7ftrv^i)kphu9 amAflaiiae^ - _ ^ - 

CAn/pi^pAits pTciwa- 

ColinV* «fffinianitr, , ^—- 

CronopUToa aurUnm^^^ - 


GroJjuf - 


Cffnna^ hucomelonva - - 

Hi^^yphati* itnaAoH*-,-,^,- 

ZrOpAorfyx cali/ifTTiica caf^icold-^^. 

lAfphori^ fpmiwiti— -- 

Paifo crutatus - _ - - 

PAorrepiiit cofcAicut — 

Pfsrocfc* prienifl __ _ 

Tetraojpiiial A^ Aimaia^fTuu^--- 
Nimiididae: 

A'umida wwieaffT^ - - 

Meleagiididae: 

3/eiea^'t flo/iopapo-^- -- 


Brush turkey...---- 

BLoe-cered ptiraaaow.^^-- 

PauAma cnrassow— -— 

Cbukar quaiS------ 

Argujs pheasant- - --- 

Lady Amherst pheasanti.-- — 

Golden pboaaant.^^--- 

fBobwhitfl quail---- 

[Red bolwhlre quail -- 

Blue-cered pheasant-— 

Red jungle fowl--- 

Long-tailed fowL„,^--—- 

Fighting fowL_ --- 

JJantam ** hinlf CT __ 

Silky bantam---- 

Silver-sp&ikgled Hamburg fowl_ 

Belgian bearded h&ntsm-— 

Nopal pheasant____ 

SwEnboo^s pheasants _ _ _ _ 

Califorpla valley quaO___ 

Gambera quaiL,--^----- 

Peafowl_ 

{ Ring-necked phenBant_ 

White riog^necked pheasant.^.. 

Sand groui»o^-- 

Snow cock._---__-___ 

White guinea fowL.._-- 

Bomestfe turkey.^__ 


OEtnFoauES 


Gruldao: 

Anthropoids^ —— 

Baieanra pampaiaa__—,..^_^_^_ 

^oZfiiHfa re^iiiciruTTi (phArpreepj „ ^ , 

Gna canadenNt-^^^^ -- 

<7™ ifliKttKfrraftiia—-- 

Psophiidae: 

PtfopAi'a mpitam^ __ 


Demobelk crane, -- 

West African crowned crane__ 

East African crowned crane_ 

Florida Eandhifl eran^-__ 

Siberian crane-.-^____ 

Gray-hacked trumpeter-^__ 


1 

2 

1 

2 

I 

3 

4 
1 

1 
1 
3 

2 
7 

20 

1 

1 

1 

2 

1 

1 
1 
g 

5 
3 

2 
1 

3 

1 


1 

1 

1 

1 
1 

2 
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RoUidfte: 

J'liJica nmfTiVsaiwi — ^ -- - - - 

^Umu/a chhrapus aichirmtin^—^^- 

LtUitrallut leuftopyrrhiit-^ -- 

Porphyrio jMrfwccp^fliw-- - -- 

i^Ei^iM h'miNZa iimiM/a— - - 

EurypyKidae: 

EuTffpyga htlias^ _ __ —— — 

CiuiAiiiJdAfi: 

Can'anui - 

OtkiJdae: 

CTAfapn^afij tiniu/ofa Tnoc^pifeniti--.. 


American -- 

Floridn gallinTJle^—-- 

BI&ck-aQd-^wbite crake- 

Saijth Pacific awemp heii^^_ 
Virginia rail^---- 

Suii bittern-- 

Cariama, or eeriomii--,,—^ 

AlocQueen’e buatord..-.^-- 


CSAlA!>RlirOHM£a 

Recur vlroatridae; 

Ifitnanloput mfiriwtntM, -- - - - - Black-neckod stiJt ^ - 

BurMiiiidaa: 

ZJurAtiiTt# iw'-sfnaiuff— - -—__ Soo-Ui AmcirltBJi tihict-tn efl- 

H aemato podldao: 

if or ^u# -- -- Oy« tercatoher —,— ^ ^ — 

Charadriidae^ 

&^rttop^crufl coyfl'RiWfwtk _— Bouth American lapi»ririg - 

Charadri’UA todfmu --- Killdecr-,^-— -- — 

Btcrcorarildao: 

ColAaroCitd fnflwjoriwicti'-*,--- MMCoruikJk^a Ekua..-.—- 

LaridAe; 

Zidms&rnn ittcfl - - — --- 1*^^* tem-., -- - 

Larus -- Laughing gull- - 

l^rm ddawarmn^^ _ __ —Ring-blUed gub -- - 

Lams -Kelp guiJ—- - — 

Lartej n^piid^Actf/andiae^ Silver gulL---- ------ —“-- 


Calumbida^; 

Cofufntei -- 

Cofum&a nTjn'roafrt*- 

(xof/tcoiufnbet ft£ioaicn__^.. 
fxeope^id ewnenfifl — — — 

Gaura victoris-w^-^- - 

LopAopAapa ffrmffineti — 

Strtplirp^lia d&caorta - 

.Semptopnfin (raagnrfrariM 
oftob'ea-.-^ — ^- 
ZcnniJura wwicnourcu.,— 


coLtruBUoaifEa 

_ _ Domestic pSg«Jn - - — - - - - 

__ Black'biliod pigeon-- 

_ __ Pleeding-heart dove- _ ^ - 

n inm nnii dDve_ - - -- 

Cmiraed pigooD—_- 

_ Red^plujned pigeon — 

_ _ Ricg-Deckad dove- — ~ 

__ _ Blue-headed ring dove- - 

_ _ White-Tringed doTe-- 

_ Mouming dove -- - 


Paittacidoe; 

d^pomtr fitch^rt - 

A^ropomitf panonoifl— 
Apopomit r)WieffffT4—^ 
AmaaeTui — — 

Amarona auropa£ixaCa_ 

A nidfOMa jSttJc Af . - ^ 

4l»75^7- It 


f£nTACirU(Mil£S 

. _ , _ YbIIo w-coUared lovebird, . , 

_ Masked lovebird-—,- ^--- 

___Ro^-faced lovebirii-— 

_3]uo4roiited parrot- 

__ Yedow-naped parrot-- 

_ _ FliiflCh*® parrot-. 


4 

4 

1 

1 

1 

2 

2 

2 


1 

2 

2 

2 

1 

5 

2 

1 


t 
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Bcientiita nama 

Pflltlaclcifie—Conti nu«J 
Amazona Uwoaejfhala — 

Amat&na achror^phala^^ --— 

Aum^^na oratrix ___—- 

jiTWJ<JorAifrtiiiws -- 

Ara t^urauna^ ^ -- 

Ara chloroptzra --- 

ArA __-___ 

Arolirti^i canwsstfflrii-- 

Araii'nj^a -- 

CflJ?*wpfAn^i5n jEffitn’dium-- 

CdJyp^orft^iit!Alii ffta^rn ijicui^ ___ 

Z>mntVeZia ^(irrufa—- - - 

Ecltciua pecloTv-Ui —-- 

F€TpAa c^anopif^m^ -— 

----- 

KakfUos — 

Zajta^4?e (fqldri^a--.---- 

Eahit^i IcAdhmteri—-^^, --— 

Zaitnfai mtrfua«ftaja—-—-- 

san^in^uM - — 

- —-— 

NMqt KoilaAj7ii-_--- 

I^lfmphicvJt AoUan^Kua > - . ■.- 

Pi^nuM fFimj^rutii- 

PZflil/cercui citffflfw--- 

Pfa^I^«TCW# eStrn^i'i^B, _ , ^-- 

PoicajiAaZua wn^^niui--- 

F<}^liiiiii «mnJisoni*«--- 

Pa^fEifufa «iipadHa.__ 

Pftffsrixfa ikrai7i€ri__^. 

PiiWarws flriiiAfl^uJ--- 

TVtcAafffmuf - 


fTammott name Number' 

Cuban parrot. __ 1 

YuUow-lnsaded parrot^^__ 1 

Double yeUow-beaded parrot_^ 4 

Hyacinthixie macaw--- 1 

Y^ellow-and-bliie ^ 4 

ficd-and-bJue macaw-.-__ ^ 

Iled-bluD^and-jellow macaw__ - - - - £ 

Feti's parakoet^^,_^_1 

Rii5t7H;heeied parrot-^- 4 

Gan^-gang cockatoo_ — 4 

Scmksian cdckatoo—-..-_ 3 

Hod lorT_„_____ 1 

EclDctua pajTat,^^_ 1 

Little EtCEfn parakeet- ___„ _ --1 

\tTiit0 cockatoo_ — £ 

SoloTFioa Islaiide cockatoo_— 1 

Sulphur-crested cockatoo.—-- B 

Leadbeatnr's cockatoo__10 

Groat rcd-crested cockatoo-.-.--. 1 

Bare-oyod cockatoo__ S 

Grasa ijarokcct_ 4B 

Koa parrot____—— 3 

Cocl^tieL-__ 3 

Bluo-boadEd conure_- 1 

PcniiaDt^a parakeet__ 3 

Itosella parakeet___ I 

Yeiiow-Vented punot__ 1 

BarrabaDd^a parakeet__ 2 

Hcd-BbouJdered parakeet_1 

KramcT*a parakeet_ 1 

African gray parrot —2 
Ealobow lorikeet_ _ _ 3 


cncnuFoaicE? 

Cuculidoe: 

Zud^aamE/ir tccirtcMparcii_Roel___ 

Muflophagidae: 

Criniftf african u# _ — Plan tain-caUir_ - - -__ 

Taanroe ctJf^/Aori.-- _ Bouth African turaco._ _ 

TouTuco denaMscm __Donaldson'a turaco_ 

Tfluraco pcTOd^__Purple tnraco-,,^.^__ ___ 

aTEiCiJoaMEa 


Tytonldaei 

T^fa edlw prab'tw?a— _ __ 

Strigidae: 

Bif&fl piV^nz(mu4___ 

Bu&o irtVflintaaaa __ 

Zffupo Aefvpu --- 

0/ufl osio _____- _ 

Sirix varia mria-__ 


Barn owL--.-.--.___.^---.— 

Great homed owl-. _ ___ 

Colombian great homed owl--.._. 

Malay fishing owl-_ _ ___ 

Berecch owl_____— _ 

Eaired owL-..— 


1 

2 

1 

1 

1 


S 

a 

i 

1 

2 
16 
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name 


V&mrnm name 

CAPRIWLTjCn-OBitES 


^uin&CT' 


pDd&rj^dae! 

-- - -- -- 1 

laocompiMEa 

Tro^DiidAo: 

Pharam&efiux mociJi-e^^-^-—- . QnetizU- - -- ^ 

Prictelhs titmnume . Cuban ittig^An,___^^_ - -- 3 

coaACiinjHMES 

Kookaljumi-*--- 3 

Wreathed bombUI_-- I 

MalfLyan hombilL- 1 

pled —-^ T 

Cone^vB-caaqued humbill- — I 

Pbilippine hornbiU__ __ - 1 

AbynEinlia ground lidroblU- 1 

Black-and-white casquod iioni- I 

bdl 

jftckBon's horubSll- —- - J 

. . . 2 

FlciraEMls 

Rampha;^idAe; 

Artdij?fffin b^iUleni _ __ __ Banion^a touoaitet, 

Jttf fflrjuatej-,,_Ruiged tuLii;anct-._«-i_w^- 

RampfiOiiM cannatMB _ — - Bulphur-bfeaated toucan. 

Ramphixttot (ito—. .^ Toco teucaO-- 

fA^SEBirOlillES 

Cotingidae: 

CfcajTrtftrAyTwr^iu* uudicaHif *- - 

Rupicola mpicolQ ------ 

JSupio^d tanffuinolenia - - 

Tyraunidae: 

PMuiiffUj (idpAuJ'fllut- 

Coriidao: 

Corctii dha- -- - - - 

C^miJ brocAFrAyncAos-- —- 

Carpua ffirar pnAeipa/ti—. -- — 

Carrua -- - - 

CyanoeiHa erieiaia ^- 

Gj/mnorhina hypeleuea - -— .- 

Pica ,_^---_,-- 

Pica pica Auefwfiica-----^ - 

UrMwa cacn^le^i --—— 

Pfciljauorhyn ulildac: 

FiifaJUJ/'AvncAua Ptaia(»v* - 

Titaallidao; 

Garruiar bicoloT^^ - 


Bellblrd-,.__—.1 

Orange E^ock-of'tbe^roek-_ 12 

Scarlet cack<if-tbe-r&ak------— 1 

Kifikadee flycatcber^^w^—^ 

Whlte-breastcd ^;ro’w_ — _ _ , ^ 1 

Crow _ _ —- - .-— -- 3 

IlAVBU _ __ — --- - 1 

Indiaaorow*---^—- 2 

Blue {ey„_-_^ - * 


Wtute-bnehcd piping crow- 1 

YollDw-hllkd Toagpie-^- , - 1 

Mftgpifi-----3 

PornLopan red-btlled pie__^—i 

SatJu bowerhird,-3 

White-headed laughing thnjjh__> 2 



Al«edlnldae: 

i>d;caFd . .. .. - 

BucerotlcW; 

Actree plicatxu ^- 

AccroB ’undiilaiu* —^ —-- - 

^nlAracoc9r47i eor&fnrfiic - -—~--- 

Bticsroff bteomii- - --- 

BitCfras hydroceroi - - - 

Bueermi o&mitiicw*-— - -- 

tfatcyKndricKl,,,^*^ -- 

Tcckus jachfoni,,--- 

Monnolidae: 

Mcntiyiui ?eiioni,^-- -- 
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iJctonH/Jflnanwf 

PjcnonotidBe: 

itfucoffffFtv*-- 

Munidml 

Mimufl - 

Mimm iatifiOpiiTiiJ-^- 

Turdadike: 

fltnna_ - - 

FUaycichiia Jifinjjet --- 

Ttifdttf Tnipm/cFrttiJ-- 

dcrido^Afl-es iri4ii§^ ---- 

Graciita r^I/pfoan--- . * _ ^ ^ - 

rfFiffiPia irtdj'fia- 

ri<xinpriKoFii4f puT^pureiiJ^- 

Sprite «i]MrCitis_ - - - ^ ^ ^ - - 

Stvrnia -.w-- 

S^urfliti - - 

Ploeeidae: 

Aidimosi^ne ---- 

A p?adi)ia fattciatu ---- 

Coy^rfpia - -- 

DEO^rnpiirti procnr _ ____ 

Etdn'F^fl □fFiQfid'at^- - 

Bflfrijcfa oTijfrjJeTWifl-- -- 

E^irilda w^nTd-— -- - - 

—- 

Ej^tnld^ itteFppda - -- 

E^trilda 4£n£fr<7Fa __ 

tifra -- -— 

EuphrUM pp-if--- — - 

Etmc^turo -- 

LimflAura fljajd _ _— 

r>£>ne:Aura malinroi ____ 

LemcAvrci punftipFafd_^ 

Ffld^Fo ps-piinotfl--- 

PfMipawM- maAflfi- --- 

Ptoceus ba]fii.^^. ___ 

FFcNTctri in'/f F/miPff_^ _ _ ___ __ _ _ 

Ppfp^iVii airufimuda-__ 

Po^phikt gouldtQe^ 

PpepAfVfl _ 

PinphUa rtfJlMiifffl__ __ 

Quek^ 

^tf^nopF^uro 5ic?^cfipn‘i„__ _ 

iSfc(pifit4ara paraff»«A_ 

IcterfdAe; 

Afffla iuE i>frrPHpAalu#_ ... 

icffriu firaudi__ __ _ . _ - - 

ZeFfrut idsna ___ _____*>^ 


Cammtm name yiinifter 

White-clieftked bulbuL __ _ I 

Afoeldngbird _ -. 1 

Wegt&ni modkmgbiTd . --- I 

Omftge-Roadcd ground thruab—* I 

Yellovr-footPd thrush - I 

CIM chats _ £ 

fEobln^ _ _ _ 1 

[Albsno robin __ 1 

Jungle mynali _ __^-- 1 

nm mynah _ _ _ 2 

Tj« 55 iir hOl myuab __ 2 

RurtheU’s glc«^ starling - ;i 

Tricolnred or superb starling __ 1 

Gniy-hp!M!erl mjtiah— ^---^- 1 

Starling. __ 1 

Pluna-Leaded finoh--^^-.^^ __ 1 

Ciit-tbmat weaver finnh _ 11 

Painted 1 

Giant wbydah ___*__ 3 

BtiawbciTy 2 

Cordon bleu finch _ 4 

Bed-camd wnsblU __ _ _ _ 1 

Common u-axhdl __ 4 

Orange-cheefeed wn?d>ilL __ 7 

Fire finch _ I 

YcilaTT-crowiicd bishop wcavtu _ 14 

Rad bishop weaver, , __ 7 

Bengali finnh_^^^__ _ 4 

White-headed nan _ 25 

Black-t liToat od mu ms _ _ _ 2 

SpiM finch-— __ I 

Java finch- _ 3 

Matuill weaver.,^_ __ _ I 

Baya weaver-— .. —14 

Vitelline nutaked weaver^-- — 3 

Shaft-tailed finch- __2 

[Gouldlan finch-- _ _ I 

[Black-hcaded rrouldian flneh-—_- 4 

Zebra firch^.. . 41 

Starfineh-^ -- 1 

Rod-bsUt'd wca^'^BT_ 1 

Bioheno^a flneh^ _^ 3 

Paradiae w^hydah,- - — -- 11 

YellDw-be&fled matfihblrd- 1 

Glraiid^B oriole -- 1 

Troupial _ 2 













































































flECRBTAlT^B EEPOBT 


najnf 


CaminiHi fusing 


leterl line—ConOaoEd 

QliifCdjui fuitfcvla_ _ 

aMinlft™rie|iAofiis_. 

Xan£fiflTTtu5 d^ctimanut^ - - 

Tlimupida^; 

Caiot-pim mfMpilla - - - 

iZilinpAoaZvj ilimwiiaitJfl - - 

fif(inipA 0 CcIu« jwtwmwi— * ^ . 

TAmtipit cana—- - 

i^iicoptertt^^- 

Fiifij^^lHdflje: 

rTardi^ftd tardvdiw -- ---- 

CariMciaciiJ merwAMW /ronialiM^ 

Paroarifi cii£tjWflia_ - 

Paroaria pii££u*ia nijrp-p’CTiM- 

PiMfjttza - - 

eanariWf- — - 

^- 

SporcpAt^fl ffyifuira:fi>_,,_^—^_. 


PuTplB ^ck 1 «<. _ _ — 

Yellon'-licaded blackbird 
Greeted finapendola-. __ 

Browa-hiettdad tanager--- 

CiriiiQaon tanagEr - 

FftfifioriJiFa tattagor - ^ 

Blwa lanager--^- - 

Whito-cdged tntiager, - 

European goldfinch 

House fiji-ati _ 

BrazlLiflii cardlmd-^-.-.. 

BlAD-k-esred aardmal - 

Blaged warbling fi.nGh__^_ 
- 

BolTmn fincih---^^ _ 

Yellow-bSlIod finch.... 


REPTILES 


ijOHrCATA 

Crocodylidne: 

AJ'K^oler misiujiptenjn'f.-AEligflitor_..__,,^—---- 

AUii^atffr __ Chintfie alligator.,^- 

Oaiman C pfruan i--.— 

Crocodyliit _- _- _ AmeTkan ciraeadile - 

Cycvodjr^uv aitaphradw __ _ Narrow-nosed crocodile 

CTocodylu$ ntioficii^-. _ Alncan croccjdilC!,,— — 

Crocod^^Im pproaus_. .. .— Salt-water crocodile.- 

Broad-nogiL'd crocodile... 
TcF)»^^a Bchleffeli _ _ _ Clavifil. — — 


Gekkoiildae: 

GtchQ $miihi — 

Toffifiio^o mauriianica __ 

Gerrhosauridao' 

OcrrkotaiinM nwijW^ — 
IguanJdae- 

AnoJu caroitinefuif- 

Artoh> crufoteliua.— 

Anolis ^qm^irtK -- 

Anomie itrufi- 

Ano^te Atrafuiu4.,.- 

Ctfaoiraum ocan^um— 
Cyd-ura 

jidjnefleri,-.--, 
I^vand jjriuiiwi....----- 
i^HJeporuJ wndidaiw- - - 
Heloderniatidaei 

^flfoderma AmriduMt---- 
Hcloderma suipecfum-. . 


jauRiA 

__ Giant ge=cto,_,_.. - 

Gecko._ __ _ 

. _ Plated UxArd— -—- — 

Atnerican anotifl._ _ 

Little crested anolifl..- w. 
Giant anolia. _ 

Krug's anolia-....^--^^— 

,, West Indian anolia- 

__ SpiEiy-tniled iguana...... 

Cuban ignana..-.---- 

__ Mona IfiJaDd iguana- 

_ ^ Cotnmon Iguan a. . - 
_ Fence UBard...-^---^ — 

... Meccan beaded Umrd 
GUnJOonffter-- 
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ns we 

VawiSdsLDi 

’PoTTffJIttt -- 

Varanu^ . . 

Teiidfle: 

Tupinambi^ m^ffpnniitatuE-. 
Bclscidoe: 

EgcrniQ _ 

Eiifflyr™ /iMftfliyj—- - - -- 

jTVacAj^aaunifl --. 

CtaiiieleoDtidfle: 

CAnfliffltiiffJi __ 


Omnmtmmme Nuiw&er 

AfricaE moritor-- 1 

Auatralmii lace monitEr.__ 2 

B]^k tegu-- 2 

Three-fingered 3 

Monming eld nk- ... — 2 

Wiiite^a 8 

^jrGfltisr £ve-Imcd ekiuk_2 

Bmd ekink_ 12 

Stllmp-t^dled M^d _ 1 

F!ap-Decked cbomelecin^._ I 


SFEPUTTKa 


Boidae: 

Bm fttvdrtf --—- 

Bqu einjrdri3__,--—- 

Cemtrtrfffr consiritiBr -- 

Ctmflin'clcpf' imjjcftdflr______ 

EpicTfitm an^idiftr -- 

Epicratt* f^^nchria -- 

Epicrate^ {iiernfliul--__— 

Eryx — 

ftturinue____ 

P^/ioTi Tndiurlts^^ ^ 

--— 

-, 

/Vhm ££&ae_ _________ 

OolubTldfie: 

javoi^icue--_____ 

___ 

EfFiedoyi WJifffliiitTi__ 

Boiga dcndrophila „^^^-^^^^—,—__ 

Catph^phix amott^a .. 

Diadaphii ;^t£T)dajuJ 

ZhjpA^h'diij __ 

/JrymsrcA^n carait amptri __ 

Elaphi QutlatQ ____^ 

Elaphe obto/^q eonfinii-^^^ _ 

Btaphe chtoUia __ __ 

E^apKi tpiadritdtiata^^^^^ ___ 

HfferofiQn ^nhifrii - __ - ^ _ 

LamprftjxHit dc^liqla___ 

LampTop^UiE geivlus catifamio^ _ 

tiatji ptoptlitM Jhridana ^ ^ 

Lampndpff^ti# ^qlu/xu _ 

I>i7nprc7pe£t» splejidida __ 

ZidjnpnvjK^h'i ThombomatuLaia^^^^, _ 

Lampraptliu 

Lwpiophit oeddtfiMiE^ __ 


Cook's tree bOA--...^__ 

Tree boft____ 

Uon eonetrictor^*^_ _ _ 

Emperor boa___ 

Cuban bott^____ 

Rainbow boa..—^ 

Puerto Kican boa____ 

Sharp-tailed sand boa__ 

Anaoouda________ 

Indian took python.--.—^_ _ _ 

Ball python___ 

Rcgnl python___ 

Arrican python,.- 

Elephant trunk anake^--^.^_ 

Faded snake___^__ 

African house anako, nr jnti Afl^ ft 

Mangrove enake-- ___ 

Worm snake--^__^^__^_^_ 

Ring-necked anako„,__ 

Boomslang.__^ -_ _ ___ 

Indigo ftnake^^^-—__ _ _ 

I Cbm anake___^ ^ 

I Albino com anake, ____ 

Southern pilot Watk enaka.. 

Pilot blank ennke--__ 

Chicken snake_-_ 

Hog-nosed snake___- 

a^orkt king anake_ 

California king fiaako,^__^^-- 

Fioiida Mng anake.___ 

King snake_-____ 

Sonoran king anoke.^^__ 

Mote Anake_-- 

Milk Duake^____ 

Parrot Eoake__ h»- 


1 

1 

1 

2 

4 

a 

1 

1 

7 

1 

4 

5 

2 

1 

1 

2 

1 

2€ 

i 

a 

7 

1 

1 

1 
U 

2 
1 
1 
2 
1 
1 
1 
2 
2 
1 
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Cqlnbrldne—GoPtlnne^ 

Aoirii cycfppi^JM- 

Noirix erythrojjcuter^^ —--- 

JVtLirt'r n^don eubap..-- - 

N^rir /wciafa-^ _ — 

A^ttirtr pidrwnirw,,^_ 

N^inx npedon atpedon^ ^ —-- 

AfffiriK - -- 

JVfrtrtx -- 

Ptammophi* -- 

RhamphiophU rc^raius —- -- 

^tortno d<l:ayi - - 

Stixrma a ompittma^^aia —.—^. 

7^arri?iO]pAtf ffaunVuj__ — -- 

T^ninojiALt nrtaiiM^ ___ — 

* - — 

ElApidoe: 

Naja haj€ ----- 

ATaja __ ___ 

Apjfd mfiana/fuca_ - .w.w..- 

Naja -- - 

Crotalidse! 

^nwtrijciiFfi cdniwirii ciPfi/flf<rix_ _ ^ - 

Annsff7>i:icm cOfiii?ririx _ 

Anctfffroffon — 

Crotolufl fsdrfB^^ , - --- 

(Tra^aZi4jr - 

Sijfruruj fRilioriiii.^^ ____ _ 


UommiHiiidin^ l^ttfit&ffr 

Greeti WAtisr anolte-^ . . ^ 

Rcd-bellKd water enake „ -- ^ - t 

Water HDEike-,^^,-r — -——- 3 

BoutbiCfn bacdfid water aaoke^--- 1 

riorida water anake>_---- 1 

Water aEiake_.- -- -— -- 2 

Brown water snake _ _ —- 4 

Te-ssellated flnakB__^_*^ - - I 

Striped Bun d anakfi -- - ^ - 1 

Sharp-noBed snakOr,-— -------- 2 

Dcilifly^H aniik^.-.^ - 2 

Ited-^bellied snake . ^ - — 1 

lUbbon 1 

Garter flriak&—^ __ _ _ _—~ 3 

Afri can twig anakc^- -— 1 

Egyptian rajcer. _ , _ ^- - - — - 2 

Egyptian cobra^ - __ 18 

EJng cobra- — 1 

Blank cobra _ _— - -1 

Indian cobra^.. - - ^ 

^nthfirn copperhead anako —I 

Nortbem eopperbe&d snake, - 1 

Water mDeeasin^ _ __ — 1 

l^oxaa diamondbAok fatilcaiinte_ _ 4 

Timber laLileanake_ __ I 

Pygmy mttlranake — ^ — 1 


TESTUDINATA 


Cbclyidae: 

/iblrac^cmyi nasula __ _ 

CAefodffia ion^icoWti-- 

Chilys Jfflifcrtate __ _ 

Uydraspi^ Bp___^- _____ 

J/pdromfdusn locft/cra . .. . 

Pftrynopi -- -- 

Pftr^ops — 

p^aisrccpA4i£a-- 

Ki DOBtotnidae; 

Jf^aes^e™aIa ^!riaef^^a^u1M.- -- 

gybrnbrum^^^^-- -- 

StemcrfArrua odora(ur_^_*. __ _ 

Chclydridfte: 

CAeij/dm ^erpeniiaa, - - 

Emydidae: 

Ba^ofrur tiaffA:a.,,-- - - -- 

ChryBemyw picta - - — 

Ctemmj/i — - - - 

CZcmniya — 

C?4tfntn^« fnflJTTioria/a maraieroia—.-- 
Cpciemva antboxncTtiit,--- 


South American sfde-nccted turtle. 2 

AtiilraMan, side-necked turtle,^.,_ 3 

Malamata turtle-- - 2 

South American aide-necked tnrtla. I 

Small sifie-nocked turtle.^*-. _- 2 

Geoffrey's sido-nocked turtle _ 1. 

Lar^ side-necked turtle- 15 

Flat-headed turtle^ __ 5 

South Ameticaji mud turtle_>^^-_ 1 

Mud turtle^ - 12 

Musk turtle. 10 

Snapping turtle--- 15 

Indian freeh-water turtle, - I 

Painted turtle_ 31 

Spotted turtle.-, -- -- — -- 0 

Wood turtle^ _ _ _—4 

Paclflc pond tnrtie.^^,,-- 1 

Kura kura bos turtle,^ 
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£?i:ipAtf/Te name 

Emydldno—C od tlDoed 

TJmycfiira krcffti-^ - --- 

^mydwrfl ma(^uqna«. . ___ - 

Emt^t _- 

ficrbffwri__ 

{rrdpi^inl/t ii£tiQTaphira- __ 

GraptimyA p*etidogiOQraphiea - _ _ 

Kintjyw t^Uiawi ---- - 

Affliodem^i Urr^pin mffolo 
Pieveffl^rt^# 

Pitud«m^a __ 

Jfortrfflf«i__^_ 

Pieij<^ern^« fioridano fr^tcann^Tuis_ 

PMV^dtfn^B ijtnala _^_ 

Plfud^myM ruhri^tilriS-^ 

Pieudemrjv ^itripta _____ 

Piwd^ffit/ff WTipfo cJiUxr(fflfn>w _ 

smja^fl trao^tii _ _ _ 

intnciularta__ 

Tttrrapfru ____ 

TwTajMtrf carotina _ 

T^firaptm^ a. flrna/a____ 

Peloineduaid*^?: 

PArpnops ____ 

Pdom«£fiMO pakafa- ____ 

PfJu^uu __ 

Pdt*#ia< Minitaitis _ 

PENfacnetnii titm^zd_ 

TestudiniHjve: 

Ttituda ep ______ 

ffUphitntiTHJt _ ___ 

JVjfiudo epAtppjtiPT! ___ 

mdr^nn^a_ 

TVdwia ti^vlnla^ ----- 

T«fudo pinno-.--—__ 

TrianycliidaE: 


CotAfnoft name Number 

Krefft*a turtle __ 3 

Munray turtlfi_,_ & 

Curup^^u pond turtle __ 3 

Barbour's tutUe, ... 7 

Map turtle- _ _ 3 

False map turtle _ 4 

tliniSe-back turtle _ _ 2 

Soutbeni dfamondbaolii turtlo—4 
Cuban wawr turtle-^ 1 

Mobile turtle - - - ^ _ 12 

Florida water turtle _ _ 

Suwannee turtle _ _ 7 

Central Ajuerlenn turtle.,,,.. __ 2 

Red-beUied turtlo,..,, _ 4 

Rud-liujod turtle. ___ _ _* 12 

Suiitb Aiu^riLiau r^-linud turtle^. 12 

CtlTnberlftUd turtle ___ 1€ 

Soutb A merirmi red-headed turtle. 1 

Bos turtle. _ _ 50 

Three-toed box turtle..,-.,, .... 3 

Weatern bos turtle. _ _ 2 

Bouth AmeriCAu Eiihl>a turtle. _ 3 

African water turtle __ ^,,, 1 

African black mud turtle __ 

African anaka^aack tiirtle.-^-_ S 

Amasou spotted turtle^_ 15 

Cralaf^agofl turtle.-.^ _ _ _ 1 

tfiant Aldabra turtle _ _ _ 2 

Galapagos turtle _ ...__ _ 4 

Margined turtle __ _ 1 

iSoutJti AmerieBU turtle _ , _ I 

Oal&piagdu turtle _ 1 

Ameri-aan soft^hened turtle _ 7 

African soft-igbelled turtle _ , 2 


TriiMi^ferez _____ 

TVf'oni^i Iriunffaii, ___.^_^. 


AMPHIBIANS 

CAUOATA 

Sa[aiiiiiJidridiie: 

/>i>nn'riyll4A pprrAESffMter.- Rcd-belll^ newt-----^.^ _ , 31 

DiemictyluM rtridfAccni.......,,,.-. R^d-epotted newt ____ _ 5 

TartrAo £cr«iO- .... California newt^ _ _ 2 

Amphiujiudae: 

iimpAfuma meafia..-.^ ___ ,, Cougo ^ __ _ _ I 

SAUEHTU 

Dendrobatldae] 

Df.ndTiibattt limorta _ _ _ArrOw-pOiBOU frog _ _ _ 2 

Bufonidae; 

Bujt> amtnain’ta^ . . .. . American toad _ 

Btifa mon-RUfl..-- Glsut 


4 

7 
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mme 

Bufoaidfl*—Coutlnued 

Biifo pariKnemi^ _ 

Bufo pthocephfUus _ 

Bufo _ _ ___ 

I^pUxlactylldii/e: 

CerAicr7>Ar|/tf ^ - 

CcJxJcppArVff 
HyUdAe; 

a’fitfTfa-- 

Hyla iquiT«Ua^ _ 

Hyla «ratco/or_^>___ 

MicrohylidAe: 

MuYoA^fa carcJtnfiMiJ-_ 

FlpMoa: 

Pijm pipa.__ 

HAJddAes 

Earui ___ 

Rana _ 


Anotoj __ 

Astronotza ocef^afui^_ _ 

Bor^a _ __ 

____ 

^ra^A^ffi>biT^ xantJu>i&n.^- _ 

Corydoroir ___ 

MecfropAfTTUff ficr^'nis _ ^ ^ ^ - 

H^ktssobryctm _ ^__^_ 

LabcQ (hrytQphfktidipn^ _ _ * 

La&iaies rf^'ctd'afiu^-- ^ _- 

Ltptdotinn paradoxa, _ 

--— 

f£e«wfffmwt plMsiajniu _ 

fVcfopteruB aTi7Kc/«TH __ 

Quin/ana athzima _ _ 

3ffrTa3a/^i4J Ki(FeY-._-_-_ 

StemarcJuUa 

T’antcAiApa db^nu^_ _ 

fi^Ueri _ ---- 


J^urvpdfna ap^_ 

Lafroderlu maffaits 


Bfabera sp. 


Common ndm? J^tiinter 

__^_ Hococo -— -- 1 

__^_ Cuban tcad^-.. _ 7 

_^ EiiropeaD toad_ __ I 

Colombian homed frog-"2 
__ ArgenUne liomed ffog^_1 

Creefi tree 3 

* _ _ Spring pMpef,_,-. — 4 

_ Squirrel tree frog.-- ___ 4 

_^__ Gray tree frog_ __ 2 

_ Kamaw-mauthed toad_2 

Suriaam , 4 

_African bull frog _ 15 

Green frog___ 4 

nSHES 

_- Talking catGah_ _ 1 

_^ Large knhlii-__ 3 

_ _ClimblDg pereb__ 5 

Peacoisk fliohliiL,---^ 4 

Clowai>aTb --- 3 

... _ Fightiug Gab_ _ 1 

_ _ Bnmblebee-fiah-^_ ___ _ 2 

. _CorydorEfl,___ , __ 15 

_ Electric eel..__ 1 

Keen tetni-... ___ “9 

Black abarkfieh-___ 2 

jOuppy,,-,,— -- 25 

iFJag-taUed gtippy __ 35 

..... South American luugfiab^ _ 1 

__._ MetynnU__ _ 3 

_ Armored eathah....-^ _ _ __ 2 

._African iungfiah__ _ 2 

__ Onbau moaqultoflab.--..___ 1 

_- nranbA-.-^-^___ I 

_ African knifefish.... _—_ 3 

White Cloud Mountain fiah.--... ^ 

Green sirordtail - -- 4 

arachnids 

Tamqtula _ _ _ 1 

._ Blnok-widow apider. ___ 1 

IKSEICTS 

Giant cockroach-. ___ IM 

MOLLUSKS 


Fond auailfi 


10 
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STATUS OF tee COLLECTION 


Class 

Species or 
Bubspeeita 

IndividuaiB 


240 

TSii 

Birds ___ - -—,,,, 

3D0 

1,212 

Roptbes __ _ 

14S 

625 

.\mplublans_ - - -—-- - 

21 

107 

Fish__ - ___ 

22 

m 

Arachnids^- 

2 

2 

Inaecta 

2 

100 

iVloUusks __ ... 

1 

10 

Total 

742 

2p 005 




AjiIedaIh on hflud July Ij 3/14.0 

Acoe$ajon£ dmia^ tbo year.^— —----- Ip 710 


AjiIedaIh on hflud July Ij 3/140 

Acoe^alona dmia^ tbo year.^— —----- Ip 710 


Total number of anlcoala in il^^olkf^tion during the year__ 5p 120 

Removals lor various reaaqua Buoh as deaths nachanges, return of animala 
on depoaJii -----^2p 156 


In colleetlon on Juno 30, 1950.-.-._____ _ __2, 95o 


" Tbe Soo 1 b idven many Emnll croatdreft that have been ^ts in homes whom 
they ar^ no longer welc;^itu3H or whore oLroninstaiicofl nnciuBsltate giving thetn Ui%. 
These Lnv'Lude duefen, cUIckettSi and rahhita given to cltlldiren at Euater Ume, 
jiaralEcotap nlligatorflp ealmnns. guinea^plgn, etCr Also many of the common lociil 
wild things Hint are found by obUdren or ndoirs who think tb& creetnTes need 
help are bronght to the This Lnoludea a wide arrayp hut partleninriy gray 
aqnlrrelSp f^>ttoiitnli mhbitap opoBSnmSp sknhbn, raccoons, foxesp woodebucks, 
blue Inyflp TDbfna, aparrowsp hoi tnrtlesp as well na other pleuEifnl forme. 
The quantity of these received far eicee^Js tba need for exhibition anLmnls and 
facilities tu care for them; therefore, Bome are nsed in exchange for other 
onltunls that are neededt and some ore liberated. D^lrlug the past year there 
wore 215 indivtdnaiB of 19 different kinds of uucb nnneedod nnimnlu brunght Id. 
Th^ were acceaaionod and thcrefom are recordodp which accountH In port for 
the large nnmbor of removals U^ted^ 

Respectfully submitted. 

W- M. Makk j Direotar. 

Dr. TjEDNABD CAUMlCtiAELf 
Secretary^ SmilAstmian 




























Report on the Canal Zone Biological Area 


Sib: It glrcB me pleasure to present herewith the annual report 
on the Canal Zone Biological Area for the fiscal jear ended June 3Q, 
1956. The principal portion of this report was prepared by James 
Zetek, who retiiwd from the position of resident manager of this 
bureau on May 30,1956. !Mr. Zetek has been succeeded by Dr. Carl 
B. Koford who assumed his duties as resident naturalist on June 80, 
1956. 

SCIENTISTS AND THHR STDDIES 

During the fiscal year 61 scientists, not induding the Corrosion 
Conference group, came to the laboratory. Some of these, such as 
the research team from the nniversity of Oslo, stayed for extended 
periods. In addition, there were many scientists who wanted to ‘*get 
acquauited” with the island and had scheduled a one-day stopover 
to inspect tlie laboratory and the forest area. 


Altman, Btttatt, 

Walter I£c?d M&dlcal Center. 
Atberi^ 1>, Dn 

Woods Hole C>ci»!mograjphte Instltti- 

ttm. 

OBCaXr 

S. For®t Serrlce, 

Conrsan^ Blalr^ 

Heneral Biological Hoome. 

llaTifi; Malcclii4 
Nadooa] Zoological FarlL 
Endera, RobL K., 

Swarthmoro CoUega. 

Engetp EL S„ 

UalTOTsity of ObIgl 
D arld 

Ohio State UalTaralty, 

Ilpas, Theodore 

Fbiladclplila College of Plianaacy. 
UartmaDf Fraak 

Oldo State UniTSTHlty, 

HarttePP. AnnflgncdciDt 
El VoIcdUp Chlrlqid. 

Hoary, Mr. and Mra. T 
Waalilagtpn^ CL 


or ppEMHdl ntnid'jr 

Biology of maiuiala nad hlrdat 
alarly bowler monkeya. 

Hoaoral biological 


Evaluntioa of reports on termltje ro- 
sUtapca toata. 

Bird and mainiaal atodl^ 

Blologleal anrrey, 

niEtcKdaenilHil stodlta and m ninm nlw 
BQITTOJSL 

Member of Dr. Sebolandcr^B rcBoanoii 
groap* 

AasiMant to Dr. Hartmna. 

Flant atndlea, 

Bfnscle studies of blrda and adranal 
gland. 

Asfilfirpp t to Dm. EndonF and WlalDokL 

Obtainlag preas -relenae mAteiiPl for 
Che ^mltheoalaa InBtltntEon. 


IBI 
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Jnfft^f^Csr 

aee<3+ Ur. and Mffl, Wm. B„ 

The Oenetica Futmd^tltnu AtmtlD, 
Tex. 

Homingp Ur. and itrs^ EL Q,, 

Natlnnal Heart laatltTitep Betbeada/ 
Md. 

Riiorerp Mr. and Mrs. I. O,, 

Artla^toiLp Va. 

HymaTi, Ur, Ilbbie, 

Ajuerlean Mnsenm of Natural Mis- 
ttifj. 

JotamtOtti B-r 
U. S. Forest Serrlce, 

Krog, Joho, 

UjUTcrslty of Oslo. 

LeiTcatail, Heige, 

CniTfirtiUj of Oslo. 

Llojdp Iran 

Kodak Tropical Hei^eardi 
Laboralorjp 
Ltifbarrow^ IL 

WoodB Hole Oceanograptilc lostltii- 
Hoil 

litimlj, W. EXf 

A^alataat trcaatirerp Faaaoin CanaL 
Olivares, Ifliaael. 

Eaatman Kodak Troplcol Boseancti 
I^bomtoT7- 
PumeFT 

New York City. 

Rood^ Mrs. Albert CLp 
Salt PiiLG£, Cape CJod, Mesa 
RettentneyoTp Mt» and Mra CarLf 
UalTersity of Kansas. 

Rlegel, Mr. and Mrs^ U. J., 

Dwlfiht, im 

Baudp Berthe, 

C uiTOTsity of ObIo^ 

SeliDlande^ Dr. and Mm. Perp 
nniyerfiltf of Oslo. 

Si-brader, Dr. Solly Hnsbes, 

OolmublA DniTBr3^t7+ 

BtonlOTuler, Warren 
Fort Myers* Fla- 
Serafln, MJtrotH, 

Eastman KcHdak Tropical Rosearcli 
IiaJxiratory+ 

Soperp Cncveland C., 

Esstman Kodak Tropical Ttesoarcb 
Laboratory^ 


fflfPTwt nr *tudy 

Surrey and coliection of wild Uro- 
sopAifa for geno research. 

Surrey for future cheniical studiea 


Omltbological studies. 

General suTyey< ea|>ecially of the soil 
fauna. 

ETarntnatlon of tests of treated wcMda 
BgRinSL termite attacks. 

Associate of Dr. Sebolander^ 

Member of Dr+ Beholander'a research 
gronp. 

L>etcrLoratlDn and corroaion Htndioe. 


General biology. 

Continuing studies of the birds, mam- 
tnals, and insects. 

Fungi na adTectlng pbotographlc equip¬ 
ment. 

Photography of wildlife. 

Ornithology. 

Sdl orgnnifima and geneml cntomnlogy. 

Stndy of birds. 

Member of Uf. Scbolondef's reeeaift^b 
group. 

I Heat regulation in slotba and other 
mammals^ 

Cytoiogleal studies. 

Wildlife protcetlDn EtndJes. 

Corroeian and deterioraHon Btndles. 


Cortoafon and deteHoratlon atndlefi. 
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Faol 

FHo^tMAZi EjDd;Qk TrDploU Research 
Lfiboratory^ 

Veillyp Etw!d, 

Wslt Disney ProdncticnL 
YerralLp 

U- S. Ff>reat Serrlce. 

Warren, Jam^ 

Walter Heed Jirmy Medlesl CcDter. 
Weber, Neal A.^ 

Swartbrnom C?ollefie. 

Dr. and Mrs. Aieaander, 
^mltbsfitiian Instltation. 

Wilmar, Mr. and H-, 

Walt Dlaney FrodactLon. 
Wi«locl!i.I»aia, 

Swarthnujra OoUege. 

Zelj^ler^ John N., 

Wa<}dB EEcle Qceaaograpblc Institri- 
tioD- 

C<>TrQsion CocfereiiCe 

(a groapof United States Bclentl9ts)« 


jVtjlAjpat er qicdal fffiidtf 

Physical and chemical stadles related to 
corresloa and deterloratlDn. 

PbotQipapby and study of nmmitiala. 

Inspectifin of contrids for corrosion and 
termite litatallatlonB. 

Stody of fungTls-STOwIn;? anta. 

Stody of fungys-^Towlng ants. 

ContlnnaRon oC bird studies, 

FboUfgrnphj and sEddy of mammals. 

Assxdate of Dr« Enders. 

General blologlcBl obfierTatlona. 

AnniiflJ conference oa Inland. 


VTSTTORS 

The visitor® who s|>ent at least a d(iy on Barro Colorado Island ^ 
tliifi year totaletl 440. The majarity of these T?i'ero local people, but 
there were some who came by plane or boat to the mainland and bad 
included a side trip to the 1 eiboratoty in their plana. As in other years, 
all appeared to be very enthueiaatic, and many expressed the wish 
that they could stay longer or retiim again at some later time. 

RAINFALL 

In 1956, during the dry season (January through April) rains of 
OfOI inch or more fell on 44 of the 120 days (123 hours) and amounted 
to 10.78 inches, as compared to 6,34 inches during 1954. 

During the wet season of 1955 (May tlirough December) rains of 
0.01 inch or more fell on 202 of the 245 days and amounted to 10S.fl4 
inches os compared to 99.B5 inches during 1954. 

During 1955 rain fell on 246 days (975 hours), and averaged only 
0.45 inch per day, almost 0.13 inch per hour. 

March was the dri^t mouth of 1955 (0.21 inch) and November the 
wettest {17.14 inches). The wettest year of record (31 years) was 


^Anyaae conteropMtlafi a vl^t to this miLqae ipot ta tbe Amerkna Tropics 
shonM TOtnmiinlcHte wllb tUe accretury of tb© Smitbeoiilaa laatltution. W'Jiali- 
lagtoa 25, D, CU <*r with tlie EeaMcat N&taraHat cf the Oaottl Kone BlDUi«Lca1 
Aren. Drawer Balbofli Onnal 2oDt. 
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1935 with 143.42 inclies, and the driest year of record was 1930 with 
only 76,57 inches. 

The maxima of record for short periods were 5 minutes 1.30 inches; 
10 minutes 1.65 inches; 1 liour 4.11 inches; 2 hours 4.61 inches. 


Tabui 1,—Aftnufll rainfallf Earro GGjQrad& liland 



IliCEtl 

Adfhm 

rtoF 

fncAif 

mvruv* 

1925._._.__ 

104. 37 


1926__,__ 

lia.23 

113. 56 

1937.... - - 

115.35 

U4 58 

1928 __ 

10L52 

111. 35 

1029,.__ 

37. 84 

ion 56 

1930..-.-,_ 

76. 57 

lOl. 61 

1931...- 

123. 30 

1U4 09 

_ . 

113, 53 

105, 76 

1933....— 

101.73 

105. 32 

1934 . -_ 

121 42 

IDT. 04 

1935„.._^_ 

H3-42 

lia 35 

1935...... - 

93.88 

IDS. 98 

19.77 _ 

121 13 

110. 12 

1938——_. 

117, 09 

110. 63 

1939_ 

115.47 

110.94 

1940,^ ^ — 

B6. 51 

109. 43 


Totiii ^attm 

Fear IndWr hktos* 

01. S2 106141 

194S,____ 111. 10 lOa 55 

1943______ m 29 109. 20 

1944_. 11L9G 100.30 

1945_ 130.43 109,84 

194G__ S7.3S lOSiSl 

1947_... 77. 92 107* 49 

104S____ S3. 15 lOa. 43 

1949 _ 114 66 lOG. 76 

1950 . 114 51 107*07 

...... 112. 72 107, 23 

1952__ 97. 58 100. 94 

L953_,104 97 lOO. S7 

1954. 105,53 105 32 

1955______ 114 42 107.09 


Table 2.-^6'oi?ij]arf^DH Of and rufn/olTp B^rro CoioradQ iMl^nd (fncAci) 
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Mans...,,--—— .. 
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ZQ 

-O.aj 

J-RB5 
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AID 

a3T 

fl.(r7 
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4-3.35 

May- ... 

llOQ 

aistt 

iD.Ka 

u 

"Ci.?a 

4^.Ki- 

Jniw - 



lL3ft 

u 

4-3.3D 

4-&-2U 


11 oa 

1L4S 

iLi^a 

31 

--0-07 

4a s 

ADEQBt_......... 

ia.in 

U-M 

12, TT 

3^1 


4-431 

----...—— 

1L1D 


H.IR 

ai 

-a (VI 

+4e5 

0^ber-_.. ■.,. — - 

13. 


13- la 

M 

4-3. 

4-1^ 

Jfip-YuEObfif 

J7. U 


iQira 


—0. AT 


Dudmbof 


111,77 

lasA 

U 

4-LTT 

4-7.33 

Yw ____-___ 

ins.m . 

114 43 

UI7.W 



H-T-lfl 
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fi-64 
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7.ia 
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buildings, equipment, and mPROYEMENTS 

Wlieii the new laboratory building was (xmrtruct&Jt the contractor 
could not obtain United States lumber for tlio flooringi and lumber 
cut and milled in CldriQuI, Panama^ had to bo used. Dm'ing the year 
dry-wood termite infestation was observed, and though the dniunj^ was 
not extensive and appeared to be spreading slowly, immediate steps 
were undertaken to correct th i.s condition. All the floor paint was 
scraped off and two very libem! brushings of Penta W-R were ap¬ 
plied and allowed to soak in thoroughly* Since this treatment was 
given, no further signs of termite activity have been seen* 
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Water and electrical iiistallatioiifl in tliis new building were com¬ 
pleted, and tho large darkroom ia almost finished. It is expected that 
the building will soon be used to its full capacity and effectiventss. 

All the screening on the original large laboratory waa replaced with 
plastic screening, as expert adrice had indicated this type was ex¬ 
ceptionally gooi Unfortunatelyj experience did not bear out that 
recommendation as mts ate the plastie with gusto, and cigarettea 
which accidently coiiie into contact with the screen caused holes to 
develop immediately. It is planned to replace all tlie plastic screen- 
ing with the aluminum type. 

Some of the lumber and other materials needed for rebuilding and 
repairing the laborers’ quarters were purchased- This project in¬ 
cludes the installation of indoor toilet facilities, a luxury to the labor- 
ci*s, but an added health protection factor on the island- 

The roof of the Haskins Library Building appeared to be in poor 
condition, but a careful examination revealed that the damage was 
superficial, and the only repair needed was scraping and painting the 
existing coverings Tliese projects were carried out thoroughly, and 
the roof ia now in excellent condition. The runoff from the roof of 
this building is not used as a means of winter supply, and bo painting 
it presents no problem in this respect. 

The new electric water heater furnishes hot ivater for the kitcheD 
and shower baths and is proving to be a valuable addition. Though 
hot water c-annot be used too freely when a large number of scientists 
are on the island, it has been a welcome convenience for all. 

Tlio 110-^120-volt, 60-cycle, overhead electrical installation, com¬ 
pleted in 1955, is giving satisfactory service. ExceDent arrangements 
were madednring the yearfor the maiatenaiice and repair of the Diesel 
generators. A Cater[jillar generator was obtained on transfer, and 
when this third unit is installed it is expected that no interruptions 
in the electric supply will be experienced. 

Materials were purchased for building dry closets, electrically 
heated, in the various buildings. Some dehumidifiers have been in- 
stalled, and they aro doing an excellent job of drawing incredible 
amounts of water from each room. 

Tlie large wooden water tank nortli of the old laboratory was in 
danger of csoUapsing, and fio some temporary, emergency repairs had 
to be made until the water-supply problem can be resolved- During 
the year It was discovered that a spring on the Snyder-Molmo trail may 
be the solution. Before this can be deteTminKl, possible contamination 
from rain drainage during the wet season will have to be Bliminated 
in order to obtain a good sample of water for analyxia. 

Minor necessary repairs were made to the launch I/sen. Local reg¬ 
ulations make it necessary to equip the speedboat with life preservers. 
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Fttrtber safety meastiree were taken by obtaining spotlights for the 
launch and by having all the fire extinguishers techai^ed by the Fire 
DivisioiL 

The dock proper is joined to a large platform covered with corm- 
gated roofing and used for storage purposes. A portion of the roofing 
caved in because of rot-infested roof timbers. Tlxis daurnge was 
quickly repaired} and the new lumber was treated with preaervativea 
to retard decay. 

URGENT REQUmOiENTS 

The most urgent requirement of the island, which has been referred 
to in the preceding section, is a safe and jiermanent supply of drinking 
water. This problem is expected to be resolved during the coming 
fiscal year. 

The island dock still presents a perennial problem, but funds have 
been made available to provide for its relocation. Engineering studies 
will be made to determine the most suitable location for rebnilding 
the dock so timt the silting of the channel will not present an annual 
problem. 

The construction of the diy rooms referred to carlior in this report 
is urgently required so that scientists may store in safety such property 
as suitcases, cameras and their carrying cases, winter clothing, and 
shoes. 

Since the termite infestation of the floor in the new building has 
been eliminated, tJte floors must be repainted soon. 

The engine and hoist, which provide the only means of lifting heavy 
shipments of supplies and equipment from the dock to the laboratory 
level, must be replaced as soon aa possible. Though the existing equip¬ 
ment has given many years of fine service, it is now worn out, break¬ 
downs are frequent, and repairs are more and more difficult to 

Only two of the tmil-cnd IiouBes, the Drayton and the Fuert^ are 
m usable condition, the othem being in a very bad state of disrepair 
and 90 cannot be used. 

Now that better facilities are available for preserving books, much 
work has to be dona on the oxigting library, such as the rebinding and 
repair of old^ valuable, and irreplaceable publicjations and the binding 
of series of scientific jaumals. Essentia! scientific reference texts and 
jmblicationa which are not included in the existing collection should 
be pr^icurrd. Provision must be made to accomnxe^ate library mate¬ 
rial being transferred from the Balboa office to the islanii Some of 
this IB property of the bureau, but a large portion of it represents the 
persona! collectiou of Hr, Zetek wdio lias indicated that he plans to 
donate these fine pnbMeations to the island library» His generosity 
is greatly appreciated. 

The laboratory in the new building and its related storerooms have 
to be equipped and properly organized. Funds have been provided 
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to obtain some of the required equipment and supplies^ but more will 
be required. 

An annual requirement, and one which is always a pressing problem 
in any tropical environment, is the constant neod of painting aU 
eilerior and interior surfaces regularly to prevent wood rot, 

FINANCES 

The following institutions again contributed their table subscrip¬ 
tions! which were received with sincere appreciation irmsmuch a^ 
without them the ntiinterrupted operation of tlie laboratory could 
not bo ttccomplished: 

Eflstniftn Kodfllt ------?1,000. W 

Nbw Tork ajcIoalciLl Sodetv___ ————^^ ^ 

gjulUiBoiilaii Institution-----—-— ^ 

Ikjnations are also gratefully aetnowletlged from the follomng: 
Eugene Eisenmann, C. M. Goethe, D. S. Tjee^ and Harry Nichols, 

A concerted effort must soon be made to interest, additional groups 
i n supportmg a table subscription- Though the needs of the laboratory 
are great, ita improved facilities are such that any participating group 
would find that an outlay of $300 or $400 would reap unforeseen 
dividends in the form of sound tropical research accompliahments. 

The rate for ona-day visits to the island is $3 per pe^on* Such 
visitors are met by launch at Frijoles and taken to the island and back 
again in time to board the evening train Itome. Tlie fee also covers 
the noon meal and a guided trip into the forests 

Scientists from mst.itutions which contribute to the support of the 
island through an annual tabic subscription are charged $4 per person 
per day. For others the fee is $5 per person per day» These rates 
provide for the two launch trips to and from the island^ three con¬ 
secutive ineals, and lodging. 

ACKNO WI JUDGMENTS 

Tlianka are due the Canal Zone Government^ its exeentive socretaiy 
and staffj the Customs and Imniigration officials, the officialH and 
cmplovees of the Panama Eailroad, and also the Police Division, for 
their cjcellent cooperation. Tlie Panama Canal Company, particu¬ 
larly Mr. P. Alton White, chief of the Dredging Division, and his 
technical staff wei« also of great assistance. 

Particular mention is made also of Dr, Cleveland G. Soper, director 
of the Ea^an Kodak Company's Tropical Research Laboratory, and 
his efficient technical and clerical staff who d^fpite their heavy re¬ 
search program found time to help with the problems of the C^A, 
especially when amergencies aioseu Without such kind and unfailing 
assistance the Area could not futiction os it docs-^ 

413ST5—oi'-IS 
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Special appreciation mnst be expressed for the constant cooperation 
and efficiency of Mis. Adela Gomez, particularly wlien Mr. Zetek was 
hospitalized on February SS,, 1956, and the bu^en of managing and 
operating the bur eaa fall on her Bhouldeis. 

Bcspectf ally submitted. 

J. E. Grap, 

AsaUtant Secretary ^ SniUhsonioA InaHtuUwn. 

Dr. L&onasd CARMTcnAEn, 

Secretary, Smithsoniaia ImH&ation. 



Report on the International Exchange 

Service 

SiK; I have tho hoDor to submit the following report on the actiTi- 
ties of the Intamational Eidiange Serricie for tho fiscal year ended 
June 30,1056; 

TUfl Smithsonian Institution is the official United States agency 
for tlifi eschange with other nations of goTerniuental, soiendfic, and 
literary publications. The International Eschange SerTice, initiated 
by the Smithsonian Institution in the early years of its existence for 
the interchange of scientific publications between learned societies 
and individuals in the Unitod States and those of foreign countries, 
serves as a means of developing and executing in part Uia broad and 
comprehensive objective, “the dilTusion of knowledge.” It was later 
designated by the Unit^ States Government as the agency for the 
tranamissiou of ofScial documents to selected depositoriaa throughout 
tbe world, and it oontlmies to execute the oichanges pursuant to con¬ 
ventions, treaties, and other international agreements. 

The number of packages of publications received for transmission 
during the year increased by 14,083 to the yearly total of 1,161,855 
but the weight of the packages decreased by 9,904 to the yearly total 
of 803,058 pounds. Tlie average weight of the individual package 
decreased to 11.14 ounces, as compared to the 11.34-ounce average for 
the fiscal year of 1955. 

ITie publications received front foreign aouices for addressees in 
the United States and from domestic sources for shipment abiXHtd are 
classified as shown in tlie following table; 




Wn 

\lfiU 

UtiStwl fltBtei pwlfeifieotfiTJ 

PubSKftiLianf tn roEniru ftr paitlam&TatnJT 

Unlt«^i Plsief djfiiutniHLlii^ dtit^iuBcnb ftbraod- 

Put>lJ»ltraB msdvpl In return fw tJepartnisifcH] dOcnmcinla — 

MiflMlloTOmJff ^eotiriii nad (ItMflfyinjbtlc&llooi ahiW.^ 

Mtartllaneoua Kfcn Uflc and Ittnury ftubLiHtliMU mslvad fmiii 
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The packages of publications are forwarded, to tlie exchange bureaiB 
of foreign countries by freight or, where shipment by such means is 
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impractiual, to the foreign addressees by direct mtxiJ. Distribution in 
die United States of the publications received through die foreign ei’ 
change bureuiio is accomplished primarily by mall, but iiy other means 
when more oconotnicaL. The numbej? of boscs shipped to the foreign 
exchange bureaus w os 3,064, or 22S more than for the previous year. Of 
these boxes 966 wei'O for depositories of full sets of United States 
Government documents, these publications being furnished in exchange 
for die official publications of foreign governments wliich are received 
for deposit in die Library of Congress. The number of paclmges for¬ 
warded by mall and by means other than freight was 223,3^4. 

There was allocated to the Internadonal Bxchai^ Service for 
transportation $4S,010- With diis amount it waa possible to effect the 
shipment of S37,l8B pounds, which was 37,1 BB pounds more than was 
shipped the previous year* However, approximately 11,000 pounds of 
the full sets of United States Government documents accumulated 
during tlie year because the Library of Congress hod requested suspen¬ 
sion of sliipmcnt to certain foreign depositories. 

Ocean freight rates to die Mediterranean porta were increased by 
10 percent in June and the freight rates to and from tlie New York 
piers weio increased by a lO-cent arbitrary in AprlL 

The total outgoing correspondence was 2,4537 letters, exclusive of 
information copies. 

With the exception of Taiwan, no sliipments are being made to 
China, North Korea, Outer Mongolia, Communist-eontroUed area of 
Viet-Nam, Communist-controlled area of Ldioa, or the Haiphong En¬ 
clave. 

On May 14 tlie International Exchange Service received from the 
East Gemuin Excliange Service a shipment of 179 packages. This was 
the first aliipment received from East Germany since 1939. On June 7 
an announoament w'as received that another shipment containing 181 
packages was in transit. 

With certain exceptions the regulations of the Bureau of Foreign 
Comniei'ce, Deparunent of Commerce, provide that each package of 
publications exported bear a general license symbol and legend, *‘Ez- 
port License Not Enquired.” The Intomational Exchange Service 
aocepta for transmission to foiaign destinations only those packages 
of publications that fall with Id the exception and those packages of 
publications to which the general llceuse ^mbol and legend have been, 
applied by the conaiguor. 

FOREiGPt DEPOSITORIES OF GOVERNMENTAL DOCUMENTS 

The number of seta of United States official publications received 
by the Exchnnge Service for transmission abroad in return for the offi¬ 
cial publications sent by foreign governments for deposit in the Library 
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of Congress is now 104 (62 full and 42 partittl sets), listed below. 
Changes that occurred daring the year are shown in tlie footnotes, 

PEPOSiTOHlZS OF FULL 5tTS 

DlTl^L-diii BibllotccB, IkltiilfitcTio de Kxterliiffts y CuJto, 

BnenosAli^ 

Axistb-uxa: C^miDionweflltli PuFllainGiit ftJid National Llbraryt CanberfB, 

New SoDTs Waueb: PubUc Library of New Soiitb WaleOp Sydney. 
QtiitE7fflLA3CD: Fftrllftin&ntQiy Llbrnryip Brleljonc. 

SoTnii Austeaua: PaLUc Uhrary Sooth Aostralin. Adelalfle, 

Ttfl Tu-Ajr tA j Pju-lliimaitflry Library^ Hobart 

ViPTOKLA: Pobllc lilbrnry of Victoria, Blelboorntr 

Wpagiras AuBntALrA: Public Library of WoRtern Australia, Perth* * 

AnffTHiA: AdmlniBtTatite Jibrory, Fedoral Cbstic^lSeryp Vienna. 

: BtbliotbbQTifl Hoya lo, Bmxtt! ea* 

Baazfls BlbUoteca National. Rio do Jaaelfo- 
BmjiAMx • Bul gitT lnii BlblloETuphtOfll InEtltute, Sofia/ 

Bdilua: Government JEloob l>ep€>t, Rattgoca. 

OA!FAnA: library of ParllEmeiit, Ottawa- 
MAjarroiA : Provladal Library.. Wianipe^i 
OisTAfilo: LeglslatiTe Library, Toronto. 

Quebec : Ilbrnry of the Leglstatnre of the Provlnoe of Qaeboe, 

GEn.ow! Departni^t of taformadoai OoTemment of Coylon, Colouibo- 
ChiiLE: BJbHoteca Naclonal. Bantlneo, 

Cmr^A: National Ceatral Libraryt Tulpelt Talwam 

Notional CliengcliJ tTnlvenity, ToIimI. Thlwnn.* 

OoLOvrarA; Blbllote^n National, Bogotd. 

CoETA Rioa I Blblloteea Naclonal, San Job^. 

CunA 1 Allnlstarlo do Eatndo, Cauje Tnteniacioiifll. Hubana* 

CzjccHoauoTAEiiL : National and UniTcrElly Library. Prapner 
Desuabk : Tnfttitnt Danloa dcs iioliMspjfl InternntloDaui, Col^eahagon. 

EoTTr; Bureau des Publlcatloiifl, Mlnislferie des FlnancaB, Cairo, 

Fetulttd; Parliameutary Llbmry+ HolslnltL 
Fbance : Blbliotbj^iie Nationnle, Parla. 

Gebuaite’: Deutsebe StaatMtSbllothekr Berlin, 

Free UnlToralty of BeflLUp Berllo- 
Barllamentaty Library. Bonn. 

GJdOAT BarrAiy: 

ExoiAwn: British MasoTnn, E/sndoD, 

LainiQs: I^omlan Scaiewil ot EcrnomlnJs nml Pol I Ural Scleitrt- (PeWMltory 
of the London County ConncIL) 

HuitOAor: Library of ParUament, Budapest.* 

Ptdia: National Library* CaJcntla^ 

Ceiitral Secretariat Library^ Now I>elhi 
timoNEaiA: Rflnlatry for Forel*fn Alfalra* BJakarta* 

InjELAiTO! Natianal library of Ireland, Htlblln* 

IsoAEL! Gorertiinont ArehiTea and LEbrory* HaMrjfi^ 

It ALT! M Intsterto della PubUca IfltrtlElone, Bonier 
Japatt ; National Dlot Ubriry. Toliyo/ 


iRlLEpm^at in»p«D*?4- . 

■CTBtne^d fpoin NAUoflil Libmrj ot J^plnSf. PdpInK, Cbl^A 

* RKeiTfO tw^ wtA 
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Itaicq: Secr^tarla de HeLAeloDgs Eiterlorea, Peimrtraeiitq de lofomaddn para 
el KxtriEtj|ero, M^xl^ t>. F. 

NcTHEEUiJiDa; Eoyal Ubrorr* The Ungae. 

Nkw Zeaulkb : 0«a?ra1 AJ^mblr Libm3r7, Wellltigtoa. 

Noav^'AT; litenTiksdeiiiiTtiiieBtetB Blbliotfaekr Oslo. 

Pzau! SeedfiD de Propagandn j Publleaciones;, HlnlaSeiio de Belaeiooes Ebc- 
terlares, XiSma, 

P iTTT . rp prwiia i Doreaa of Pobllo Llbmrlca, DepsTtm^t of Education, Mcniliu 
PoLAjtD! BlbUotb^oc Nadonnle, Warsaw/ 

FnarnoAL: Blbnotnca Naclooal, Lisboa. 

^AJ7€: BIblloleea Xa clonal^ Madrid, 
i^viaiiex: Ki£D£lIgB Elbllotekct, ^todcbolm. 

^wrrzEaLLND: BlbUotblqae Ocntralo F^^nde, B^meu 

Tpbott: Depflrtanent of Prlntlag juad En^avJag, Mlatfitry of FdnoatJoiiK Ib^ 

tn Tihul- 

UinoN OP ^UTH Araica: State UbnlTy, Pretoria^ TrEmsraal, 

Uffioff or Sornsi' S^iaust BnFtrniJCB: AJl-Ualon licniu Llbraty^ XCosooWp 115. 
tfwiTEti Ni^lto^fB: Library of tlic United Oeacfap Swit^erlond. 

UauouAT: Oddiia doCanJo Internacfonal de E^QbllcacloDoSt Montepldoa 

VEjraniELA: BLhUoteca National, Caracas. 

TtmoBLAViA: Blbllo^afaM laatltotp Bcl^adc,* 

DEPoerroaiya or partial eets 

Afoua^tetajt: Lll^ruiy of the Af^hnu Academy,, KnbnL 

AaoijD-EGTTnAPf SuBAjf I G ordoD MemoilD] CoUcen, KhartoimL 

Boutia: Biblloteca del Mlnlatorlo de Beladones EiterlorgE j Culto, Ui Pai. 

Dea^h.: 

Mirf AS GEitA:fs: DlnectorJa Oeral do Batfllljitica ew Belo Hotfsonla, 

Baman Guiana: Gorernmeat Secretarj’E Ofllce, Georgetownp Domeraru. 
Canaoa: 

Aleexta: Frovladal Libra rypIMmontoDH 
British CoLinnELA: Provtnclnl Llbraryi VSetorfa. 

Xnw BadNawinE-: IiegLElatlt^ Library^ FredoricEon, 

NEwroinniLANb: I>ep^[^tIae^t of FraTlDcial Affnti-s, 8L Jobn'a. 

XOVA Scotia : ProTlndal Secretary of Kora Scotia, Halifax. 

SAfiEATciTEWjj? E Leglfllfithe Library, Beplna, 

BowTsrcAif ItEPUMJc: Blblloteca de la UaJveraldad do Beato Doming, CHndad 
Trujlda 

EocADOfl: BIblloteca NacionaU Quito. 

El Balvadoo : 

BlMinteca NadcaaL San Bnlrador. 

Hlnlfiterlo do BeMdaue? HiterbreSp Sau Salrador. 

GiEHZxnc: NaGoaat Libra ryp AtbesR, 

GnATn^ALA: Biblioteca XadoDal, Guatemala. 

HAtri! Bibliotlif^e Natlonalep Port-ao-Prlnee, 

BONnuuAB; 

Biblinteca y Arcblro XoclonaleSp Tceudgalint. 

Mlnlsterlo de Helaclonea Extcriores; TecQeJguJpA. 

IdtLAND: Xatlomil Library, Reykjarlfc, 
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: Secr&taTT lo tlio Qov^nmiPiai of India, Bombay/ 

BiTLAa Jl>“d OiLFSfiA S Bl;^VFl[]tlg DepartiDEDt, FataiL. 

USTTEB l^OTlKOvS Ot AtlMi AJTD Ocn 3 a J 
CJoivifrfilty of AUababad, AHinliabad, 
gDCJotariat Library, UEtar Fradeeh, BnckiiDw^ 

Benoal: Library, West Bengal liogbdaLlTe Be^^returEat, 

BfinsCp OaTeatta. 

Ta^N: XtuiierLcLi Ministry of Edueatlon, Tehraiir 
laAQ: FubUc Library, Ba^dail. 

Jamaica: 

ClolonJal ^^eratary, Kla^toiL 

Uaiverslly College i>f tin? Weat Italic St Andrew, 

Lebanon : Aoierteau UtJrerelty of Belmt, BeErut 
LmEBiA: Department of Btate, AloDrorlm 

Maxatai Fod^^ral Secretariat, Fedemtlon oS ilalayAt Kuala Looipur. 

MAitA: ftJinIster for tfae TreMiiUTy, VaSletfl. 

NicABAaiTA: Mlnleterlo de BeLacioDcs Hxtorsorea, Miiiiflgqa. 

PAKlffTAN: Central BceretarJat library, KarnebL 
Pa:7?aiia : Mlnfisterio lie Ttebicionefl Hxtorloree, Panemd. 

PA^AoUAy: Mlnlaterla do BclacloneB Exterlores, SecciOn Btblloteca, Aanncldn. 
Bcotulnh: Nutlonnt Library of Seotlaad, EliabiirgiL 
Siam : National Library, Bangkok. 

StNOAPOEcE: Cblef Secretary, Goreranieat OOlees, SEnfopOro. 

YATicA_y Crnf: Bihlloto^^a ApoatoUca Vadcnna, Yfitlean City* Italy. 

iNTEftPABLJAMENTAllY EXCHANGE OF THE OFFiaAL JOURNAL 

Tliore ure now being sent abroad 76 copies of tbfl Federal Register 
and 03 copies of the Congressional Record* Thh ia a decrease £i*oin 
the preceding year of 16 copit^ of the Federal Register and of 0 copies 
of the Congressional Record. The conn tries to which the^ journals 
are lieiiig forwarded are given in the following list, 

Dmrairoaies oy concoessiohal recorp as(d nraERAL Rcctsixa 
AaoENViNA: 

Blbllotc^ Uel Puller Judicial, M^ndam.’ 

Bolctlfi Qlictnl tie la lieiiilllk:a ArKanUtm, Mitiiaterlu de Juatica e lJi!ittiii> 
ddn P^bllca, Buenos Alrea. 

Camara do DlspntatlDa OCcIna do InfoniKicLda ParlonieDtiirla, Buenos Aires. 
Austkalta : 

Ccmizuonwealth Parllaiaciit and National Library^ Canberra. 

Nw Boenn Wales: Utimry uf FftrUaiaeiit of New South tVolefl, Sydau>% 
QuTx^iiLAXD: CbLitC Sceretnry^a Oifico, BrlEbnua. 

Victoria: Public I^bi-firy of Vleluria, Melbourne/ 

Wf^HTEM Aubxoaixm Library of Purliameui of Weotem Aastrnlia, Pertlu 
Buazil: 

BIbliotem da Camera dos Det^otfldus^ Rio do Jnneim. 

Secrethria de Proflidencla, Bio de Janeiro^* 


* CbiAffed freid UDdervw^fcAry tQ the OowraJn^Ut {if Bd&ibay. 
■ FeiJenl aefdfltn- only. 

" Ec^erd only. 
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BamsH Ho:4ik(TRAB: Colodtal BemtaiT, BeUse- 

CANADA I 

Library of FftrUamf-ntt Ottawa* 

Clerk of Um> Senate, HenBeH of Parltaffient, Ottawa. 

Cetudm ; Ceylon MlnlHtrf of DefenB® and Bxtamal Aifalra, Colombo * 

Cbi^a : 

LeatidlatlTe YnaOp Talpol^ Taiwiui." 

IMwan ProTlncial Gov&mment^ TaEpel^ TalwaiL 
Co&a; 

BlbUoteea del CapLtollo^ Bnbana. 

Blblioteea Pdbllea PitiiamerlcaiiB, Habatia,* 

BaiTT: Miniatrl'^ flf roreijni Aftalira, Egyptian Go^emm^nt^ Cairo. 

FBAEfrcfi: 

BLbUotb^ue A£Bemb\^^ Notlonnle, Parla 
ELbllotb^iie ConaeU de in B^pctbliqTie, Paris, 

Library, OreanUatlon for Etlrojcniim Economic Cooperation* Faria * 
Besaarab Deportment, Council of EutniKi, Strasbourg/ 

Senice dc la UocuniftntEtlon Btracig^ret Assembl^e Natiooalei Farit’ 
GKauAirr: 

AmeHka-InatItnt dot UnlTerallfit MUncben, ITllnclicn/ 

Arcbty, DeutBcbcr Bnndearat, Bonn. 

BlbUotbek der Inatltnta ffir Weltwlrtacbaft an der CniTBEslt^ Kiel, Klel^ 
WSfc 

BmUotbok Bcaalacber Lnndlag* Wiesbaden,* 

Der Bfiyrlscbe Ijuidtag, MuhIcIl*^ 

DemsctLor Bnnd carat, Bonn.* 

Dcutst:ner Dimdcsto^, Bonn/ 

Haiubnrgi'^bes Welt'WirtscboftH'Ajcblv, Hamburg, 
gold Cdabts CZhtef ScopetojT'H OIBce, Accra/ 

Qeeat BaiTiTw: 

DopartmcDt of Printed BooUb, Brltiati Musentti, London.* 

House of OoinmottB Llbritryp Lfmdon.* 

Printed Library of the ForeiEn OftlcOp IxnuTon. 

Boyrd LDECitUte of tnternatioanl AJfatra, London/ 
nmrtfjMLf Blbllotli6qiie, Cbninbre des HollSnlqne, Atbcna. 

Gvateual^ : BlbUoEeca do la Asamblea Leglalattva, GuatemAlm 
Haiti; Blbllotb^tie KatJonaJe* Port-an-PrlDce. 

Ho?EoUfl4Si ElbUoteca del Congreso Kaiionnl* TcEuelgtilpa. 

HuirnAar; Nntioanl Library, BuilapcsL* 

Ltnu: 

CItB Secretariat Library, LnetnoWp Unites! Prodneea.* 

Indian Coubdl of World AfTnirfl, New DqUiJ/ 

Jammu and Kai^bmlr Conetltnent Assembly^ Srinagar/ 

LeglBlatlTe AaBembly, Governiiioiit of Aasnm, Sblllong/ 

LeglalatfTO Aiisembly Library, Lneknow* BoHed Pfovtneea. 

LegislatlTo Aisembly Library, TriTandrum « 

Aladraa State LegLelatnrc, Madras.* 

ParBainent Library, New Delhi/ 

Ser^'anta of India Society^ Poona/ 


• Three capleA 
darlnf 
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: Dnll ElrcflDD, DtibUti, 
iBiUJTL: I^hrary ol tho Jeni^em. 

Italt: 

ELbUotoca Camera ikl D^patatl* Komc. 

Btbliot^ (id Senato di*lla R^iiuliUea^ Borne, 

IhiTQ^a Officer and Affritraltilre Organlstatioo af the TJalted Nations, 
Boiue° 

Intematicjual Lnstitnte for t^p Enlflentton of Private Law, Rome.* 

Jafab ; 

library of tbe Xatloafll Diet, Toityo. 

Ministry of Final]co, Toki'd,* 

Jobdab : Parliament of tbo Haabemite Kin^^iom of Jordaop Amman." 

Koqea : Secretary OenerQlt Xadonal Assembly« Puaim. 

LnxEiMBouaa: ABscmbllie Ojmiaitiinf do la □. El O, A., Laromboiir]^ 

MEXlf>0 1 

DLreceidn General InformnoL^m S^retarfa do GobernaddUt Mfcsioop D« F. 
ElbHotoca BonjlFLiiiln Frunklln, MMco^ D. P, 

AaFA i^caxaiaTEB: Gobcrnador del Edtado de ApioBCallenteSt AguaBealientea, 
Baja CALt^aa^'lA; Gnbcruador del Diatrito Korio, Mescal L 
Gaicpeche: Gobemador del Eatado do CampecbOn rampecbe. 

OmAFAgf Gobenmdor del Estado de ChiftUEis, Toitla Guttdrre^. 

GiiiM uAJIT 7 A: GobernadQr del Eatada de Chilanabnap CMbualma, 

Coahuila; PerlddJcD Oddai del Esiftdi) de Coalmlln, PalaclD de Goblerao, 
EaltLUo. 

CoiAMA: Gobemador del Egtado de Colitoft, Colima. 

OPAjfAJUATo: Secrctarfa General de Goblemo del Eatndo, GnanuJnatOr 
JAiaauo: Bibllotera del ElatadoH Gnadatfljaro. 

MAoco; Gaeeta del Goblemo, Tolnea. 

MiCBOAttijf: Secretdrla General de Gobiemo del Eetudo de Micboa-cduK 
MorcUa. 

MoBELOB: Palacte de Goliteriio+ CuernaTaCa. 

Naf AiiT: Goberpador de Nayarlt, Tepic* 

Nueto JjEds: Bibiloieea del EstadOp Monterrey. 

Oaxaoa : PorWdIco Oflelal, Palada de Gobiemo, Oaxaca." 

PimtLA : Seoretaiia General de G<^bterno, Pnebla* 

QuickC ABO: Secrotorfa General de Gobiemo, Seeeldn de Arcbtvo, ^oer#tiiiro. 
StMAU^A ! Gobemador del Estado de SlbaloaT CuIIaMil 
S oNOBA t Gobemador del Bstado de Sonora ^ HeTmoftHlo. 

Tamauueas: Secretarfa General de Gobiemo, Vicfeorim 
VekaObija: Gol>eraador del Estado dn Teracrni^ Dejiartamento de Gober- 
nacida y JnstlelB^ JalapB, 

YuoatAn : Gobemador del Ej^tado de Tncatdn^ Mdrlda, 

NEtum^pnia: EoninkUJbe Blblioibeeb, The 

New ZEAiAJ^rn: GeMral Assembly Library, Wellinirtom 

NoaWAT! Library of the Neni^'egiiLii Farliament, Oalo. 

Pajtaua : Blblleteca Nadoaa S, l»aiiama Gfty*" 

PoiiTUOtFESH TiMob: Bepa rtl'iiSo Central de Admlnlstrit^^o Cl'vllt BILL" 
Swtteeblamiu Blbllotheque, Bnrean International da Tratall, Geneva." 
IniemnGoQid Labor OOlceT GeoDvii.^' * 

Library, United Nations, Geneva, 

Dmow or Sooth Afbioa : 

CAf® or Good Hofs! Library of Partlament, Cape Town. 

TaArtaVAAL; Slate Library, Pretoria. 


*Twd eeplpA- 
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UinOH flr StmET Bocuoast. Bcriniucjfi: J'uudoiftentQl'iiila BiblioEekft Obscliest- 
vennjkii l^an^ Mospqw/ 

TTiiCflUAY; DJarlo Oflclalp Calle Flortdn llTSy BIonteT^dco. 

foreign exchange services 

Excbangfl publicationa for addre^iaes in the iioiintrias listed below 
are forvi jirded by freight to the cscbange services of those countries. 
Exchange piiblieationa for addresses in other countries are forwarded 
directly by mail. 


LIST or rXCBANCE SERVICES 

Aosthia: Aa^tribu Natjopa] Lmraiyp VleimiL 

liEEAnru: Scrrlce dea I&ternaEloimiix, BlbUotliiqae Royale de Bel- 

Kiqtie, nnneiies, 

Cal.'fA: NfitlotHil Central lAbt&ry, TaJpelp Taiwan. 

CwmoBUTvAmAt Bureaa of IntenaaUoQia Hxchaagafi, National aod UalTemlty 

Library, Pragnc. 

DETfHAhK: laedltut Danais daa ^cliaiigeB, IntamatloiiaTrE, Btbllotli^aB Boyale, 
Oorenhng^tt K. 

Eorti: GoToramEnt Prasa, PabUcatiriaB Office, Bnlaq^ OalriX 
[■^miANo: DoJegaUoa of ttin acIooHflc Societies^ I^Dellmenlnkatii Helsinki. 

Fbance ; getvke dea Elcbaa^ Int^mationanx, BlbUotlLCqaQ Natlonale, GS Rue 
de Rfctaenaa, Faria. 

Golmjjtt (Ha^teni) : DautacRe BtnatablbHotlick, Bcrltn. 

Ol>raMANT (Western) : Nntgomeioachaft der Hauteebea Wissenaelialt, Bad 
Godeabor^ 

Oreat BniTAis ASD IitfiLAaD; Whiddoii & Wpsley, S3/M Berwick Street^ Lonilon. 
W, I.""' 

Httitoaiit: National LLbrary* @js 4 cb#Jiyli Bndapeist 
l^enxA s OcvarDmeiifc PrlnUng and Stattoneiy, Bombay, 
laDoPTEglA: Mtniister of Edacadoix Djakarta. 

JERAEL: Jewlab National and Uaiveralty Library, JarnBalf^m. 

ITALY I UMcIo defli Bcambl Intemaftonall, MlijOatero della PuljUca lotruaione, 
Rome. 

Jataf^ Dlvliloa of IniernotSonal Affulra^ National Diet Library, Tokyo. 
NftrHERiAaoa: International Tlxcbiio^e Bureau of tbe Netberbiad&i Royal Li¬ 
brary, Tbe Ha^e. 

New Soirm Waleo * labile Library of New Soutb Walea, Sydney* 

New Zealaito: General Aasembly Library, Wellington. 

Nobwat: Servk'e Noir^iElon des Ecbangea Intomatlonaiix, BlbliotlL&Qne de 
lUaiverBltS Royale, Oalo* 

pHTLipriisEa: Bureau of Public Libraries, Department of Educntloib Manila, 
POLAab! BerTlce Polonala des Eebanges iaternatlDnDiLx, BtblloLb^no Kationala, 
Warflaw. 

PeaTUOAL: Bcogfio de Trocaa InEemaclonalE, Blblloteca Naclonnl, UabaiL, 
QuaEKBfAtTD: Bureau of Eachaneea oC IntemutlODBl FubUeetloDSt Chief Secre¬ 
tary's Office, Erlabane^ 

M BetiTHm tbe Baited St^tn md Buf^Ioiid aaly* 
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Booth Aosthalia; Eontli AaHtrnllmi QoT{^iiin€iit KicbmiKes BiiT«ao^ Govcm- 
Printing and BtatlonerF Oillret AdeliUd&. 

Spain : Juuta luterrantl^lo y Ail^tilgilddD de Libros y B^lstas para BlbUoto^ 
c&s Pt^bllcos, Ministerlo EdDcncJ5n Naolnnal, ATcnldn Colvo Sotcdo 20, 

Madrid. 

BwisoEhN t BlblEoteket, Stockbolu. 

SvvnaiuLLAxTD: B^rrlre Bolaso des l^liaiii^ea IntematlDiLaiLx, lllbUot1itq,oe Cen- 
trale Fid^rale, Palnla F^jeral* Bema 
TASMj^iaiA! S^retary Qt tbe Praoiler^ Hobirt 

TuHHFiT: ^tlnistry of HklucAtloP, Department of Prtatlng And En^ATlngp fstao- 
bul, 

Unioit or South Afhica : QoTerainifnt Frlntlng and Stntlanery QilLc^i CApa Town* 
Cape of Good Hetpeu 

Ukion of So^'izt 5ootALIAT BieuAUCA I BUTOaD of Book State Lebln 

Ubrary, Maj^row 19^ 

VioTOKiA t PttbUe Library of Victoria, Melbourne. 

Westerst AuaxiAi.TA: FubUc LibrarF of Western Attatraila, Pertla. 

YuooaLATiA: Blbllografakl Institat f:hRJ, Belgrade. 

Eespcctfally aubmittAd. 

D- G. WiLLiAMfl, Chief. 

Div Liionasd CabmichaeIm^ 

Secretaryf Snnthscnian Institution. 



Report on tlie National Gallery of Art 

SiRt I kave the honor to Bubmit^ on belmlf of the Board of Trustees, 
the Duieteonth annual report of the National Gallery of Art, for the 
fiscal year ended June SO, 1056- This report is made pnrsuaut to the 
provisions of section 5 (d) of Public Besolutlon No, 14, Seventy-fifth 
Congress, first session, approved March M, 1937 (50 Stat. 51) . 

ORGANIZATION 

The statutory members of the Board of Trustees of the National 
Gallery of Art are the Chief pjustice of the Cnited States, the Secre¬ 
tary of State, the Secretary of tlie Treasury, and the Secretary of the 
Smithsonian Institution, ex oMoio. On >Septcmber 32, 1955, Samuel 
IL Kress, trustee and President of the Grallery, died, and Rush IL 
Kress was elected a general trustee to succeed him. Chester Dale was 
elected President of the Gallery. The four other general tnistees 
continuing in office during the fiscal year ended Juno 30, 1956, were 
Ferdinand Lainmot Belin, Duncan Phillipa, Chester Dale, arud Paul 
Mellon, The Board of Trustees held its antnml meeting on May 1, 
1953. Chester Dale was i-eolected PresiderLt and Ferdinand Lanunot 
Belin Vica President, to serve for the ensuing year. 

David E. Finley retired as Director of the GalJeiy on June 30,1060, 
and John Walker, Chief Curator of the Gallery, was elected by the 
Board of Trasteoa as Director to succeed Dr. Finley effective July 1, 
1056. The other executive officers of the Gallery continuing in office 
as of June 30,1956 are: 

HnntlugEon Calms, Becretary-Ttett- HnutlPatca Cairns^ Geoerol CkxmBeL 

Macgm J&iDes, Aasiststit Director, 

Erflest IL Fcldlern Admin talmtor. 

The three standing committees of tlie Board, as constituted at the 
annual meeting May 1,195G, were as follows: 

EXECin.[V£ COUMniXE 

ChlEf Justice of the Ualtod Statea, Secretary of Uig Smitbsonlan In^tltn- 
Earl WarresiH QmSrmftH. tioup Dr. Canard Carmlcliael 

Cheater Dnirt Vice rhai mun. Pniil MeUoo. 

FordlRfitiil Lammot Belin. 

riNAWCR CCHMirttK 

Secretary of the Treasury» Qimrse M. Secretary of tJie BmUti9oalau Instltu- 
Hmnphrejt Cbnlnnati. tiaap Dr. Leonard CBrmlcihnel. 

Clie^ter Dale, Vfee Cbalrmaii. F'erdinand Lpmmot Bella 

rani Mellon. 
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ACQiHsrnma coiiUlrTCE 

E^rdlo&nd T?"»tiTH ftt Ha l In , dmlnadlL Paul MeUou. 

Dimcnn PhllUpis. David BL rinley. 

dieeter Ihil^ 

PERSONNEL 

On June 30, 1956, fuU-time Grovemment employees on the firtaff of 
the Nationoi Gallery of Art numbered 312, as compared with 301 
employees as of June 30, 1955. The United States Civil Service 
Ke^lations govern the appointment of employees: paid from appro¬ 
priated public funds. 

appropriations 

For the fiscal year ended June 30, 1956, the Congress of the United 
States appropriated for the National Gallery of Art $1,436,000, to be 
used for salnries and expenses in the operation and upkeep of the 
Galletyj the protection and care of works of art acquired by the Board 
of Trustees, and all administrative expenses incident thereto, as author- 
iaed by Jomt Resolution of Congress approved March 24, 1937 (20 
S. C. 71-75; 50 Stat, 51)* The following obligations were incnrred i 


Peravoai i^errlcefl (tncitiding guard protactlon) __ TQOh 00 

Other than peraono] serviced. ...... 170^^. 65 

UoohUgnt^ balance - - -- -- - __ _^ EL S 5 


Total.. ...«L 430. (KMX 00 


ATTENDANCE 

There were 1,013346 visitors to the Gallery during the 6?™! year 
1B5G—an increaPt' of 198,314 over the atteiidance for the fiscal year 
1955. The average daily number of visitors was 2,701* 

FIFTEENTH ANNIVERSARY CELEBRATION 

March 17,1056, was the fifteenth anniversary of the opening of the 
National Gallery of ArL On that date a special night opening was 
held from 9:00 p. m. until midnights As part of the celebration a 
special exhibition was arranged of important paintings and sculpture 
acquired in the last five years by the Samuel H. Kresa Foundatiom 
Tlie Samuel H. Kress Collection of Benaissance Branzes, installed in 
three specially prepared rooms, was also oinened to Uie public. The 
number of gueets attending the special evening exhibition was 11,690. 

ACCESSIONS 

There were 477 accessions by the National Gallery of Art m gifts, 
loans, or deposits during the fi^l year 1956. 
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GIFTS 

A total of 112 paintings and 22 sculptures of the highest quality, 
which had been given to the National Galleiy of Art by the Samuel 
H. Kress Foundation in 1952| were placed cn permanent exhibition, 
some of them in gaUeries newly finished for therm Eapecially notable 
in this generous gift were the following: 

Ariiti Tif^ 

BottlceUl_GlcJlflnafle^MedlcL 

Mftiiiter of HeingenfcgeBg„,„__ The Deiitb of St Clare. 

AltUorfor^_The Fan of Mon. 

Memllng_St.YwDolpap 

Iteslderie____ Tabernacle, 

Vorroccbic^ CtrcLe ef (poaeLblj Madonaa oad OMld with a remegranater 
X^oardo)* 

TBoseb---- IHatb a&d tbeMlaern 

Giorgione^______The Holr Famtlr* 

TLLlai]____ Raaacelo Famese. 

Parer„_ _ ___Portrait of a OlergyiuQiL 

Fra Angelica and Fra FlUr>po Lippi—^ The Adoration of the Magi 

Tiepolo___ApellraFnreuliig Daphna 

Chard In... .The Kitchen MaJd. 

Bruegel, Pieter the Elder__The Temptation of 3t Anthoiiy, 

In exchange for these 134 outstanding masterpieces, the Nalional 
Gallery of Art returned to the Samuel H. Kress Foundation 266 
paintings and 3 sculptures which had previously been given to the 
Gallery by llio Foundation and which had become leas suitable for the 
GaJlery^s coEectioiL 

During the year, tlie foUowing gifts or bequests were also accepted 
by the Board of Trustees: 

PAIHTOTCS 


Denor Artiai 

Mte. a, J. Bevorid^,,_,„^ __ MflrqiLili d'Ossan, 

Count C, C* P^cLBhint„_ Cotot, _ _ L^EtBciE de YitLe d^Avray. 

Dr, and Mre, Walter HembraEdt.__ Old Womjiii Pliiekliai; a 

'ncime. Fowl 

Howard Stiir^^_ _ .BroAlI oval oeilmg demgti. 

CoL and Mrs, W* Gar- E, KcM __ The Bamyiirii, 

CoL and Mrs, K. W, Gar- L Sachs_Tho Herbert Children, 

bisch. 

Col, and Mm, E, W, Gar- Unknown, ___ Monntfng of tho Guard. 

biscb, 

CoL and Mrs. W, Oar- Unknown_ _ iAUegiorj of Ffeedom, 

h\seh. 

CoL and Mr. E, W, Goi- Unknown. Miss Amo'Jd IlDlding an 

biieb. Apple. 

CoL and Mra. E, W, Oar- Unknown_,_»_,_^^,,_ Mfaa Arnold Knitting, 
blaeb. 
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Ariiwt TiUs 

GqJ- and Mtb, E, W* Gar- UukDown____ Honry Wella. 

bifich. 

Col. and E. W. Oar- Syaane Walters.,,,,,, Memorial to N'Jcbolaa Cat- 
bisch, Ito. 

Cot and Mrs. E. W. Gar- BamueJ Jordan.,_ Eaton FamUy Memorial, 

black 

Cot and Mia. E. W. Gar A, A. Lnnib,,.. Enianctpatfon 

biHth- tioa. 

CflJ. and Mia. E, W. Oaf- A. R Stanley.. Elka WuUi. 

b£«;b. 

Col. and aiia. E, W, ObT' Ed known____ New EnglaQd Village. 

bisch. 

CoL and Mrs, E. W. Gw- G, Eoblneon_, Portrait of an Old Man. 

black 

Col and Mrs. E. W. Gar- J, C, RobmaoiL,,,,,, Portrait of an Old Lady, 
black 

Col and ^Irs. E. W+ C. HofmanziView of R^jandD Raber's 

bisok Farm, 

Col. and Mrs, E* W* Gar- Attributod to Btet- WelUngton* 
hisck tinijia. 

Col and Mrs. E. W. Gar- Samuel Eoredy„,_,,, Vftti Reid. 
bUeb. 

CoL and Mis. K Gar^ Banmel Enredy„^_ Jane L. Van Reid. 

bt^b. 

Col and &lri, E, W* Gar- ErastuE S, FleUL-^«__ Portrait of a Man. 
bisck 

Col and Mrs. K. W. Qar- Erastus S. Field_, Portrait of a Lady. 

biach. 

CoL and Mm K W. Gar^ UuknowiL,,,Columbia, 
bisek 

CoL and Mrs, E. W. Gar- ITnknf>wn>->>«^^^*^_^ Dr. Alva Cook, 
bifick 

Col and Mrs. E. W. Gar- Unknown__ General WnEMngtou on 

^**5^ White Giiarger. 

CoL and Mrs. E. W. Gar- Unknown,,,,,.__ The Hobby Horse. 

biscb. 

CoL and Mrs. E, W. Gar^ Unknown,,____ Portrait nf a Young Man 

^ch. Wearing White Stock, 

BCOLPTUAE 

Winston Gue«t,__ _ Benin style, Xigerla,, Bronze Cock. 

Mm, Herbert N. Stmus^-^ Attributed to Verroo- Alexander the Great. 

OhlOL 


FJLENTS anD 0RA¥UrC3 


Howard _ 

Howard 

Howard Sturgas__ 

Howard Sturg«,,__ 

Howard Btnrgefl.._ 

Howard Sturgea. 


Gabriel de St. Aubin. 

Watteau^___,,, 

Gainsborough, , , ^_ ,. 

Coaway.^, ___ 

Tlepfllo^^ __ 

TEepolo-^-._ 


1a Parade Chez NlcoUok" 
The Violin Player- 
Cart and Horse. 

Lady's Portrait. 

Mother^ Child and Angel 
Ceiling destgn. 
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Howard Sturgea- - - 

Howard Bturgisa- —— 

Howard _ 

Howard Btuieed_ __ 

Howard Bturgea^ _ _— ^ 

Howard Bturgea - - 

Howard Btor^— 

Wp^ G. RwsaalJ AUeo^-^ _ 

George Matthew Adains--- 


Chardin..,-^ — 

GaardL^--.__ — — 

GijardL--*^^- 

Guardi^___ 

Guajndi-- 

B4rard, G - 

CiDalettO-,^--^ - 

RanibniDdt__ — 


m* 

Baby's PortrAit. 

CU^aio Ruins. 

ClAa$aiD Rulufl. 

Venic*. 

Venice, 

French Soldier and Child, 
Grand Canal, Venice- 
19 etchings, 
hi priuU. 


EXCHANGE OF WORKS OF ART 


Tho Board of Tmsteea accepted the offer of Leeamg J* Eosenwald 
to exdiange a Qaugum woodcut entitled “Interior d& Case*^ for a finer 
impression of the same work* 

WORKS OF ART OW LOAN 

In connectian with the fifteenth anniveraaiy of the opemiig of the 
Katioii&l Gallery of Art, 96 works of art from the Ssimnel IL Kress 
Collection were lent to the Gallery* Notable among these were the 
following: 

ArtUi TUte 

Andrea del Bart*— --— -Charity. 

tfcOllnlp Giovanni--,__Th^ Lnfant Bacchuti, 

Carpaeclo-- _ _-_-_Madonna and Cbild. 

OLooet, FranooSa-.— --- mane do Poltlem. 

David, Jaciiaea-LonUa- — —- Nopolccm in Hla Study. 

Fragonanl_ _ _-_Bllndman'B BntS. 

Fragonard--The Swln^. 

Ghtrlandalo, Dowenico— - ^—- Madoniaa and diUd. 

El Groc?e,,,__ _ -_* _ _ Christ CleRimlliff Oin Temple. 

Grilnewald--,^_ _ - _ _ The Sniall Cmriiiloiu 

___ _ _The PresentatSon In the Temple- 

Pontormw—___ _ _Monslgnor dellft Caam 

ndbena__ __ _ —— _ _ Bedns Mus Addresaing tbe I^Iohe. 

Saenredam-—^ —_ — - Cathedral of St John at 

*8-Hor tog^hoBch. 

Tlntoretto^ _____ __ — The ConverBion of SL Panl. 

___ __ _Doge Andren GritU, 

TiH nu, _ _ _— Str John the Evangellfft on Patmesn 

Benedetto da MniBu n - - Madonna arid Child 

BemlnL G^an IjOFenao __ Cardtaal Praneesco Barberinl. 

Kino Pisano-^ _ ___The Arehangel GabrleL 

Ntno Fleana___^ _—__ _The Virgin Annuaolate. 

Ihirlttg the fiscal year 1956 the foDowing works of art were also 
received on loan by the Gallery: 
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From: 

Cheater Dale, New York, N. T, j 

lefiao de Pejiiter^--^—-- 

Anu p. flo ---——— 

l!Tie Rflrr mnan l: of ttS Last ———— 

Claibome Pell, WasMnstoe, D. 0.: 

Tbe Jolly ETaUjoatmen--- ^—--——^—— 

Mr. and Mrs. C. B. Wrlghtsnian, PlUio EeacLp Fla,: 

La Cansatte___--—-- 

Fortralt af a Yoaa^ Girl— -—— -- 

Sketcli tor stalrcai^e celllns la - 

Bobert Woods BLisSp WuflhlBgtonp D. Q.z 

Thirty-sevea objecta or Fre-Culmablaii art. 


AriUi 

F, I>oomlc]i, 
F, DDomlck. 
Salvador DalL 

Ttluff lmm. 

PUsarro, 

Vennrer, 

Tif^lo. 


WORKS OF ART ON IjOAN RETURKliD 


Tlie foUowirig works of art on loan were returned during the fiscal 
year; 


To: 

J, H, WLlttraote Oo„ Nau^^tockp Conn.: 

Three EaUe£ Girls Behind the Si.'enes^^^,- 

Cbester DaJet New York, tf, T,: 

Isaac de Fejater-----—— 

Anna dePeyster—-- 

Portrait of a YanP^ Wcman In mdlng Dnesau,,,- 

OoL and Mm Edgnr W, GarUlsdi, New York, N* Y.: 

Fonrtaeti Ataerlcnn prlmltlre paintingE^ 

Robert Wooda Waahlnetonp 1>, C,: 

Nine objects of Pre^oltimblan art, 

Samuel B, Kteas Foundation, New Yartt N^. Y,: 

Saerldec ol I[»hlgehla------—- 

Adoration----—^—-- 

SL ClirlBt4Jtdior_^----- 

Sir Robert Sheffields— -- —^—.- 

Lady Rbf^fflel d- ------- 

t^iadscape ,—^—------ 


Arm 

Degas. 

F, T, I>oam!ek. 

F, V, I>uoml£t. 
DaYld d'ArlE^on. 


Tiepolo, 

TlUan. 

Maa^^|ya, 

Mabnse; 

Mabuse. 

Ruysdaolp Salomon. 


WORKS OF ART LENT 

During the fiscal year the Gallery lent the following works of art 
for exhibition purposes: 

Tor Arftil 

Bostdh Museum of Fine Art, Bostoop llaHa^: 

Repoae-.-^_____Sargent. 

Mrs. WUlLim C. lilndlcntt— --— -SarpenL 

FennsylYaMa State Dnlrersity, State College^ Fa.; 

Flax Scutchlmr - - - . .. , — . LtBtan Fark. 

'rraveling EsfclblUon Serr|i::e, BmlthsouUn Inatltntloii* 

WaflhlDgton^ D. C: 

Flax StntcRhig ___-Linton Park. 

Peale Maseam^ Ballimore, Md.r 

Portrait oC Hiehardsoo Stnart,.,-,—-Rembrandt Penle. 


4i2&T(i—&7-la 
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ra: 

Wo&dluwii Plantation, VlnrtnU: 

General Wasbington at PrincetDD____ 

GinMonatf Art Muf^anu, Glnclnoatlf Olilo: 

The netiim of KSp Van VVinkla^__—- 

Blrmlhebatrt Mtia^nin of Art, BirmLfiifhiiiD, Ala.: 

Portrait of a Yonog Man Wearing Wliite Stork- 
Houston Mnacnm of Pine Arta^ Houston, Tax.: 

Vermont Lawyer-----— 

View of Beojamla Bel»er's Parai,—-— 

The Sargent Family_ _ ___ 

Frail and Flowers------ 

Columhl a^____——___ 

Vliglnln ^Inaeam of Fine Arts, Bichnioad^ Vd.: 

TfiteHt^T^te ----... ..... 

La Petite I^oge-____ 

Waalilngton COnnty Alai&eam, Hagerstown, Md.: 

Ttvehty-^Ove Aiaerlcan portmita^ 

EXHIBITIONS 

Tlio following exhibitions were held at the National GaUfiry of Art 
during the fisciil year 1950: 

Amdrican PriimtiTe Paintings. From the Collection of Edgnr 
William and Bernice Chrysler Gar'hiach. Continued from prerions 
fiscal j-ear, through August 1,1955, 

Miniature and Prints. From the Lessing J. Nosenwald Collection, 
Continued from prerioue fiscal year, through August 1,195S. 

American Paintings. From the Collection of tlie National Gallery 
of AtL August 7 through September 18,1955. 

German Drawings—ilnsterpieoes from Five Centuries. Through 
the cooperation of five Foderal Eepublic of Germany, the Staatllche 
Graphische Sammlung in Afonich, and the German Embassy in Worii* 
ington. October 10 through October 31,1965. 

A Collection of Contemporary German Prints. Presented by the 
people of the Federal Republic of Germany to the United States of 
America. November 9,1955, through January 4,1956, 

Asian Artists in Crystal From Steuben Glass. In addition to the 
Asian crystal, designs by contemporary American glassmahers were 
eihibited by the Coming Museum of Glass. January 18 through 
February 19,1956. 

Masterpieces of Graphio Art. From the Lessing J. Eogenwald Col¬ 
lection, January SI through April 9,1956. Reopened May B3,1050, 
Exhibition of Paintings and Sculpture Acquired by the Samuel H. 
Kreas Foundation, 1951-1956. Opened on the occasion of the Fifteenth 
Anniviersary of the Opening of the National Gallery of ArL Erening 
celebration March IT, 1956. Public opening March 18,1956, to continue 
on indefinite loan. 


Arltit 

__ o. P. Polk. 

_Qtjl^or. 

_ Dnknowii. 

__ Horftue Snnd^. 

_ n. TfrifriBinn. 

UcikEiowti. 

.- _TJnknawii. 

__ 

_ BoQQbDr. 

_ Momo le Jettne. 
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Tbe Sacrament of Uie T^t Supper, By SalFador DnlL First ex¬ 
hibition. Placed on view Mardi 31^ on indednite loan* 

A Century and a of Paintiiig in Argentina. Exhibition assem¬ 
bled under the diraction of a committee including the Counselor in 
charge of Cultural Affairs of the Argentine Embassy in Washington. 
April 17 through May IT^ 1956. 

TBAVELINC EXHIBmONS 

Rose?iwald Collection .—Special exhibitions of prints from the Eo- 
sanwald Collection were circulated to the following places during the 
fiscal year 1956 1 

Michigan State TJul^ei^ltj* SJleh-: 

Ten 4JeTliiaD nrlntB. 

October^Novembor laEKS. 

KlfLFLcn Koogler McNa j Art InsLLtnteH Son Antooio^ Tex.: 

Thirteen De^s prints. 

October-Novamber 

Unlvcralty of Nebra:^it Art GoUerloBt LlncDlnp Nebr.: 

ExblblUoa work at Krnat BarloctL 
OcU)ber-Ny vcniber 1999. 

Norfolk MoEenin^ Norratkp Ya.: 

Two lUnmliMtluaiiip Auonymaujj FIoulUIIp X.Y Centtlry. 

Novomber 105^4 

Muaenm of Modern Art, New Yorkp N. Y .: 

Nolde, “The Propiliet.*' 

NoTcmbcr I999^aDiiary ie,"KJ. 

l^we Gallery^ Coral Oableo, Fla,: 

Flfty-aeven piiats aftd drawtnu^s for prints, 

December IKkL 

Ilearr OaLIerjp University of Wafibineton, 1?eattle, WmstL: 

Bxblbltion of work of Ernst BArlacb. 

December 1955-jBiiiiary IfllSa, 

Atnerican Federation of A-rUi—^TmTellng ExMbltloa; 

Exliibltlon of Abraham Bosse. 

1956. 

Art InsMtute, Dnytoi 4 Ohio: 

Exblblticin of worlf of ErnF^t BarlnctL 
Janijary-Febrmiry 1096. 

Mlcbl^Q State CaUegCp ; 

Tbirty-tbree Kalian prints, XV CenlnTy-XYni CentnryH 

Jannary-Fobniary 1550. 

Four Arta Societ^’p Palm Beach, Fin,: 

BvblbJtloa of Gauptln prlnta^ 

Febmarj 1056, 

Smith Collet^ Northampton, Mok. : 

Zihi±LlbltLoD of Abraham Boase. 

Fobmary-March 1096. 

Denver Art blnfietim, Denver, Cola.: 
l^lnte by BofisCp Callot, DoUar. 

Spring;, 1056. 
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A tiHci ft jU*t Assodatis^P^ Atluntap Oa. i 
Ninetr-tbteeToiiJoiise-lAUtrM i^rlnta- 
Mardi-'Apzil 1%^. 

Bpsch-RiOiiliigeT Muaeum, Hairard UnlvcrHityp CatubrlAge^ M&ba ! 
RxbtbitlPP af work of Ernst E&riaclu 
Marcti-At^tll IDGflL 

CoPttinporDTr Arts MTiseiim, BouHtoa^ Ter.: 

EibLkltlon nf Btaloleii and Muhi'Jl 
Mareli-AptniftSJ. 

WatklPH ClaRery^ Amerlcaa UnlTersityp Wfi^bSufftonp U. C.: 
ExhMtlOD "Art acid Theatre-'^ 

Mfixch-April 1D56^ 

dtlxapa' Committee fur CPliiireti ut N. Y. C., New Tork, T. i 
Gangiii exMbltiotu 
Aprii-Mfly IdGO. 

City Art Mu; 9 eiim of St ionlSi St I-oulSp Mo.: 

Silty XV-Century woodeilts and engravlngB. 

CGrenran Onllery of Art, Waak^DStoDT C- ‘ 

Meiyoit ^^MftRngre CrjT't'gramme.^ 

April-May 1056+ 

Mxiaemn of Art, UniTsrstty of Oregon, Engene^ Orti^.! 
fclilbltiop of 
Aprll~Mny 1050, 

PhiTodeipbla Art ARtncce, I^bllaflpJpblB^ Pa.: 

Bleep LftOtreCt ancl BMdIe, 

May-Jttne JOfW. 

EtlJksmQseiiinK AmnlenlflUiT Hollfliua: 

Three Eembrandt drftwtogsi* 

Opened Uoy lEk5e. 


of ATn^ri^un Desiffti .—During the fiscal year 1956j 2S traTel- 
ing exhibitions of original watercolor renderings of tliig calleotioit 
with 42 bookings, were sent to the following States: 


si 


Arkansas--. 1 

California__ 2 

Dlatrlct of Canimbia___1 

Florida - 1 

IlUmilH _ 2 

EAnsaa _ 1 

Eentneky __ 1 

blftlne-^--- 1 

Maryland_ 1 

Massachusetts _ 2 


jryin»ff of 


State Mkibitldfi# 

Mlebl^D___ 4 

Minnesota_^___ 1 

New York___ 1 

North CareUna^__ 5 

PennsyifapiB —- 2 

Bonth Carolina-*,.^.____— 3 

Tanne^see---— 1 

Texas __ 4 

WEficoptin__ 1 

Viretn^a__ fl 


CURATORIAL ACJ lVJ liES 

Tha CuTatorial Department accessioned llB gifts to the Gallery 
during the fiscal year IfliSOp Advice wan given regarding 324 worls 
of art brought to the Gallery for eixpert opinion and fil visits to 
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collections 'were made by members of tha stuff in connection with ot 
fera of gift or for expert opinion. About 1^50 inquiries requiring 
research 'were answered verbally and by letter. Jolin Walker, Cbief 
Curator of the Gallery, gave a lecture at the Ifowarlt, S. <1., Museum 
before the opening of an esbibition of Old Masters from American 
Collections. He also lectured to Miss Porter'a School in PaiTmug- 
ton, Coun., on the iCi'ess paintings which were placed on exhibition 
on March 17, Mias Elizabeth Mongan assisted witli seminar courses 
on prints at Heaver College, Hryn Mawr College, and Swartlimore 
College. She also lectured to sdiool and adult groups in and around 
Philadelphia. Erwin 0- Chrifitenaeii gave a lecture on the decorative 
arts in the National Gallery to an adult women's group at the Uni¬ 
versity of Maryland. lie also delivcreil one of the Sunday afternoon 
Gallery lectm'es on the decorative arts. John Pancoiist gave one of 
the regular weekly tours on tire Italian Sculpture in the Samuel H. 
Ivresa Collection. Hereward Tjester Cooke lectured at Washington 
Univeraity in St. Louis on “Picasso in the Chester Dale Collectiou.” 

Mr, Cooke nsHlgted in tlie judging of seven art exhibitions during 
the course of the year in Maryland, Virginia, and the District of 
Columhiu. 

Mr. Walker served aa trustee of the American Federation of Arts, 
the American Academy in Some, and the Bureau of Univereity Travel. 
He also served on the foUowing committees: Dumbarton Oaks Visit¬ 
ing Committee; Harvard University Pr^s Visiting Committee ^ 
Advisoiy Council, University of Notre Dame, Mr. Walker is also a 
member of the United States National Comiuisaion for UNESCO. 
Perry B. Cott served as a member of the Board of Governors of the 
Archaeological Institute of America, Washington Society. Katharine 
She]>ard served os secretary of this organization and was ofUclal 
delegate to ite General Meeting in Chicago. 

For the first half of Uie year members of the curatorial staff were 
intensively engaged in the preparation of new installations and re* 
banging of the Samuel H. Kress Collection, which was opened to the 
public on March 18. These included 2t3 gjileries containing paintings, 
f> galleries containing jsculpture, and 3 rooms especially designed for 
the exhibition of Renaissance bronzes, Thcao i list aliations were un der 
the supervision of tlm ULrector, Dr. Finley; the Chief Curator, Mr. 
Walker; and Miv Cott. 

RESTORATION 

Francis Sullivan, Resident Restorer of the Gallery, made i-egular 
and ^’stematic inspectiou of all works of art in the Gallory’s collec¬ 
tions and on loan at the Gallery, and periodically removed dust and 
bloom as required. Mr. Sullivan relined 12 paintings, denned and 
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restored 21 pamtings, and gave special treatment as required on 10 
paintings. Fourteen paintings were X-rayed aa an aid in r^carch. 
The X-ray developing batlis were rededgned, and experiments were 
continued with the application of 2711 and other sjynthetic varnishes 
developed by the National Gallery of Art Fellowship at the l^rellon 
Institute of Indudrial Research, Pittsburgh, Piu Proofe of aD color 
reproductions of Gallery paintings were checked and approved, and 
technical advice on the conservation of paintings was furnished to 
the public upon requests 

Mr, Sullivan also gave advice on and special treatment to works of 
art belonging to other Governlucnt agencies includiug Tlie White 
House, the Freer Galleiy of Art, and the Smithsonian Institution. 

PUEtICATTONS 

John Walker wrote the text for a portfolio of paintings which was 
pubUshed by the Harry X. Abrams Co^ in tlie spring* Mr, Cott con¬ 
tributed an article to the Orange Disc, published by the Gulf Oil Co. 
Mrs. Fern E. Shapley was coauthor with Dr* WilliaTu Suida of the 
painting sect ion of the catalog, “Paintings and ScTilpture from the 
Kress Collection acquired hy flis Samuel H. Kress Fotmdation, 1951- 
1950*” Mr. Pancoast compiled the text of the sculpture section of the 
same catalog. An article by iirs. Sliapley on “The Holy Familyby 
Giorgione appeared in the winter issue of the Art Quarterly; She 
also wrote an article on the Gallery acquisitions 19415-54 which was 
published in The Studio. Mr. Qiristensens book entitled ‘‘^Primitive 
Art' was publLsiicsd by Crowell-Studio in the falL He also revised tlio 
Gallery handbook on Chinese porcelainSn Mr. Cooke contributed an 
article to the College Art Journal on “The Exhibition of German 
Drawings at the Kational Gallery of ArL*^ 

Air, Cooke wrote an article for the Burlington Afagazine entitled 
“Three Unknown Drawings by G. L, Bernini*” He also prepared a 
series of ten short articles for publication in the Ladies Home JoumM. 
TJireo of these articles have appeared this year* An article by Air. 
Cooke entitled^ “11 Museo e gli Artisti” appeared in Atti del convegno 
di Museologia, Ministry of Public Instruction, Eomc, Air. Cooke 
prepared tho texts for 20 brief articles which were published to ac¬ 
company reproductions of pamtiugs in the Samuel H. Kress Colla¬ 
tion, which are on sale in Kress stores throughout the country* 

During the past fiscal year the Pnblicatitma Fund published 44 new 
ll-x-14^^ color reproductions and A new color postm-d, and made 
plates of two prints for new Christmas folders; four additional new 
color postcards were also on order. Three more large collotype re- 
productiona of paintings on exhibition, distributed by a New York 
publisher, were placed on sale. 
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Portfolio No. 5 entitled “Musterpietes of th* Snnty^l II. Iljcsa 
Collection, 1956^^ was pnblislicd, aa well a catalog of the 19!^ 
exhibition of paintingg acquired by the Samuel M. Kre^ Foundation- 
A fourth printing of Handbook No. 1, “How to Look at Works of 
Art; the Search for Line,” was on order, and a book entitled Gallery 
of Children” coveniig paintings of children in tlie National Gallery 
was placed on sale. 

Exhibition catalogs of the Asian Artists in Crystalj German 
DrawingSj and A Century and n Half of Painting in Argentina ex¬ 
hibitions were distributed^ 

EDUCATIONAL PROGRAM 

Tlie attendance for the general tours, Congressional tours, “Toms 
for the Week,” and '^Pictures of the Week,” totaled 45,797, while that 
for the 42 audi tori tun lectures on Sunday afternoons was approjd- 
mately 9,470 during the fiscal year 1956. 

Tours, lectures, and conferences arranged by apjjomtnieiiLt were 
given to 299 groups and individuals. The total number of people 
served in this manner ivas 7;^90. Thia is an injcTBose of 43 groups and 
1,248 people served over last year* These special appointments were 
made for such groups m representatives from leading high schools, 
universities, museums, other governmental agencies, and distinguished 
visitors* 

Three separate training programa for selected meinbers of the 
Junior Lreague and the American AsBociation of University Women 
of Arlington Comdy and Montgomery Connty were carried forward 
during the year in connection with the programs of those organizations 
to assist school children in tours of the &il!cry* Tins training was 
under the general supervision of the Curator in Charge of Education 
and the specific supervision of members of the Education Department 
staff. 

Lecture programs on “American Coltural Life” were prepared for 
librarian members of the USIA and for members of the State Depart- 
me hi, who may act as cultural attach^ on overseas duty. Tlio lectures 
for these are given by three members of the Education Department, 
joined by the Curator of the Index of American Design and a repre¬ 
sentative from the National Trust for Historic Preservation in 
America* 

The staff of the Education Office delivered 0 lectures in tlie audi¬ 
torium on Sunday afternoons, while 35 were given by guest, speakers. 
During April and May, Prof. Emst H. Gombrieh, lecturer at the 
Warburg Institute in London and Slade Professor of Fine Arts at 
Oxford^ delivered the Fifth Annual Series of seven A. W* Mellon 
Lecturen in the Fine Arts, on the theme “The Viribla World and the 
Language of Art-” 
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Dtumg the ptt«t year 184 pergons borrowed 4,0^6 slides from the 
lending collection- The centers throughout the country which dis¬ 
tribute die Jrational Gallery of Art film, report that approsiniately 
{i5,538 viewers throughout the country saw tiie dim in 2DS bookings. 

Members of the Edacation Department prepared and recorded M 
broadcasts for use during intermission periods of the National Galleiy 
concerts. 

The printed Calendar of Events announcing all Gallery activities 
and pablications is distributed monthly to a maiUng list of approxi¬ 
mately 5,100 names. 

t.IBRARV 

The most important acquisitions to the Library this year were 2,140 
books, pamphlets, periodicals, snbscriptious and photographs pur¬ 
chased from private funds made available for fliia purpose. Gifts 
included 296 books, pamphlets, and periodicals, while 663 books, pam¬ 
phlets, periodicals, and bulletinfi were received on exchange from other 
institutions. More tli an 400 persons other than Gal lery staff spent time 
in the Library for study or research during this fiscal year. More than 
600 reference requests were answered by telephone. 

Tlie Library is the detiository for photographs of tlie works of art 
in tlie coUectioiiB of the National Gallery of Art. A stock of repro¬ 
ductions is maintained for use in researdi occupations by the curatorial 
staff and other departments of tlie Gallery; for the dissemination of 
knowledge to qualified sources; for exchange with other institutions; 
for reproduction in scholarly worla; and for sale at the request of 
any mterosted individual. 

INDEX OF AMERICAN DESIGN 

Tlie Curator in Cliarge of tile Index of American Design continued 
to take part in the orientation program for United ^States Information 
Agency personnel witli a series of eleven flO-minute illustrated lectures 
given in tlie National Gallery auditorium. 

A now project of lecture notes for 20 loan seta of 2-i-2" color slides 
was begun, for tlie purpose of making tlie elide sets more useful to 
students and lecturers. Arrangements liave been made to offer Index 
slide sets for sale to individuals and institutiona. 

Approximately 668 persons (666 of whom were new users) studied 
Index material daring the fiscal year for the purpose of special 
research, exhibition, gatlicring material for publication and design, 
and by tliose wanting to become familiar with the collection, 

There were 37 sets of 2-x-2^' color slides (consisting of 1,4*14 slides 
in all) circulated in 84 bookings in 18 States and Alaska, 
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Mr. Christensen contributed two articles to hiatoricsl buUetina and 
deUverod seven lectures to art and mnseuni gioupa throughout the 
country. 

maintenance of building and grounds 

The building, its mechanical equipment, and tJie grounds were wain' 
tamed at the established standard tlu:oughoiit the year. 

Kolling screens in art storage room G'-Sii were installed by contract 
in June 1956. A cold house was constructed by the Gallery stall in 
tlio southwest moat area to control the development of plants propa¬ 
gated in the greenhouse, thereby making available a wider variety of 
flow'er and plant decorations for tliO Garden Courts and special events. 

Gallery 25 was altered so that tlie Titian painting ‘^Saint John on 
Patmos” could be exhibited on the celling with special lighting. 

Two additional gallery rooms, galleries 49 and 60, were completed 
in March 1956. 

A portion of the Library area was remodeled, and the space divided 
into three rooms in which the Samuel H. Kresa collection of Bennis- 
sauce bronzes has been installed. 

OTHER ACnVTTlES 

Forty Sunday evening concerts were given during the fiscal year 
1956 in the East Garden Court Tlie National Gallery Orchestra, 
conducted by Richard Pales, played 11 concerts at tho Gallery. Two 
of the orchestral concerts were made possible by the Music Perform¬ 
ance Trust Fund of the American Federation of Musicians. Between 
May 13 end June 10, 1956, five Sunday evenings were devoted to the 
Gallery’s Tliirteenth American Music Festival. All the concerts were 
broadcast in their entirety by Station WGMS-AM and FM, Wash¬ 
ington, and the Good Music Network. The National Gallery concert 
on June 10,1956, featured the premiere performance of Richard Bales' 
“Tho Union,” a cantata on music of tho North during tho years 1661- 
1665. During the fiscal year 16 works by American composers were 
given their first 'Washington performance; and 4 were given world 
premieres. 

The Photographic Laboratory of the Gallery produced 11,148 prints, 
300 black-and-white slides, 1,1 St color slides, ITO color transporencica, 
in addition to 1,868 negatives, color-separation negatives, infrared 
and ultraviolet photographs, and X-ray shadowgraphs; also J,T05 
lantern slides were hound. 

During the fiscal year 4,246 copies of 16 press releases were issued 
in connection with Galkrj’ activities, while 190 permits to copy, and 
171 permits to photograph in the Galleiy were also issued. 
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OTHER GIFTS 

Gifts of money were made dnriiig the fiscal year by the Old 
Dominion Foundation^ tlie Avalon Foundation, Lessing J, Rosenwald^ 
Douglas Dillon, Mrs. Gh?orge M. Humphreyj and Lrouis B* Flemiiig. 

AUDIT OF PRIVATE FUNDS OF THE GALLERY 

An audit of the private funds of the Gallery has been made for the 
fiscal year ended June 30, 1950, by Price Waterhouse & Co., public 
accountanta, and the certificate of tliat company on its examiimtioii 
of the accounting records maintained for such funds will be forwarded 
to the Gallery* 

Respectfully submitted. 

Huntington CAisNa, Secretary. 

Dr. Leonard Carmichael, 

Secretary^ SmitAsoman Institutum. 


Report on the Library 

Sir : T liave the honor to submit the following report on tlie actiTi* 
ties of the Smithsonian library for the fiscal year ended June 30, 

The acquisitions section recorded tlie receipt of 78,715 publications 
during the year, the larger number of wbicli came, os usual, from 
scientific, technical, and cultural organizations all over the w'orld, 
in exchange for Smitliiionian publications, Thera wore 237 new ex¬ 
changes arranged, and issuing agencies, new and old, were generous in 
supplying 3,124 publications, mostly parts of periodicals anti other 
serials, needed to fill gaps in the collections^ 

In moving its quarters from the Arts and Industries Building, the 
American Association of Museums generously turned over to the 
library more than 30,000 books, periodicals, and pamphlets which had 
served their purpose in the oSices of tho Association. Many items 
from this rich collection have already been added to the library, some 
12,000 pieces found to be dupTicstes or otherwise not needed wore 
sent to the United State Book Exchange for exchange credit, and 
the checking and processing of the remainder of tho material are still 
in progress. 

The library is greatly mdebted to other organizations and to the 
many individual donors who sent multiple or single gifts of books 
and papers* Many memlnrs of the staff of the Institution were 
thooghtful and generous in malting gifts of books and papers fre¬ 
quently throughout the year. 

From tlie estate of the late Gerrit S. Miller, Jr., came 537 volumes 
selected from Mr. Miller^a large personal library* The majority of 
them were works on mammals and other zoological isubjects, but the 
others reflected the catholic interests and cultivated tastes of this dis¬ 
tinguished former member of the Smithsonian staff. 

Mrs. John P. Marble’s gift of 157 handEomdy hound volumes of 
journals and individual works on geochemistry, from the liiirary of 
her late husband, was also a noteworthy addition. 

Probably no library ever has enough money for the purchase of 
books, and the Smithsonian library is certainly no exception. Faced 
with the responsibility of serving tlie whole Institution with the litera¬ 
ture needed by the curators and otlier specialists working in many 
different subject fields, books and Journals that cannot be obtained in 
exchange or as gifts must he selected with great care for purchase from 
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limited funds. TJio ^Dcral principle of select von is that priority shall 
be given to important ’svorks of reference for the coinmon use of all^ 
tmd to primary Bonrees of Epecixil infomiation. After buying 575 
books and subscribing to 426 periodicais^ funds for the year 
e.^bausted^ kaTing large numbers o-f requisidons still unprocessed in 
the acquisitioTia section. 

There was little opportunity to reduce tho library’s continuing file 
of desiderata among the out-of-print source books so important m 
museum work. Far too seldom are there funds available when one 
or another of works appear^ rnipredictably^ in the old-book 
D^arket^ The library has no interest in acquiring coUectore^ itemSj per 
se, hut a good many of the most-neoded older bonkSj especially in the 
fields of natural history and the fine arts, fall into that category and 
are likely to bo prohibitively costly. One of the library’s continually 
recurring problerrus h how to get the use of rare books not in its own 
collections, TJnre books seldom can be borrowed from other libraries^ 
microfilms are not very satisfactory^ especially when they must be 
read and referred to in comparison with specimeusj and photostats of 
more than a few pages are likely to be almost os esi^ensive as llio 
original works. 

Tlie library added 5^18 publications to the Smithsonian Deposit, 
and sent more than 20,000 other publicutions to the Library of Con- 
gress without recording them individually. These included doctoral 
dissertations, foreign and state documents, and miscellaneous books^ 
papers, and periodical on subjects not pertinent to the work of the 
InstitutioD. There were 657 medical dissertations sent to the Armed 
Forces lledieal Libraty- 

The catalog section clarified and cataloged 4,T4S volumes, entered 
20,5M periodicals^ and filed 21),553 catalog cards. In the latter part 
of the year, the staff of the ^tion, after an initial survey of the very 
large accumulation of wholly or incompletely catalogetl material in 
the library of the Flureau of Amoriean Ethnology, made a very good 
beginning in sorting and arranging it for procssiisg or other disposi¬ 
tion. With iiie advice of the Director of tlie Bureau, 2,676 of tlie 
pieces so far handled were discarded. The work will be continued, 
as time permits, during the coming year. 

The library recorded the loan of 0,276 volumes, 1,137 of which were 
interlibrary loans to 08 different libraries throughout the United 
States. Tlie record of intramural loans never represents more than 
m fractional part of the circulation of books and periodicals among 
members of the staff of tlie Institution. Publications ftssogiied to the 
different sectional libraries for filing circulate freely within the sec¬ 
tion, witliout being counted, except in the Division of Insecls where 
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there ifi n membor of the library stH(T in charge of the sectional library. 
Most of the 4^47 currently acquired publications asaigned to sectional 
libraries during the year probably circulated within the resj^ecdve 
EectionSj in addition to the cjrculatiun of tl^o boohs and pericHlicals 
previously assigned. Xo rcLusonablj accurate numerical estimate of 
the actual use of books throughout tlie Institution cun bo made. 

The I'oference service of the library is the moat dJ flic nit to lueusure 
statistically- To say that more than ISjOfX) reference questions were 
tLUswered is to give no idea of the timoj ingenuity, and imagiTtaLioa 
required to hnd the answers to many of the more perpksing questions 
ashed- There was a tiniej not too long ago^ when little wua expected 
of librarians except to be custodians of books. The prime require- 
laeiit of the library nowadays is service from and through books. 
Many years ago, Lord Rayleigh said, ^By a fiction as remarkable as 
any to be fotind in law, what has once been published ... is usually 
epoken of ns ^knoAvn’ and it is often forgotten that the rediscovery in 
the library may be a utoro difficult and uncertain [jrocess than the first 
discovery in the laboratory.” All tlie modern refinements of cata¬ 
loging and the invention of fabulous fact-finding push-button ma¬ 
chines are directed towiird iriaklng “rediscovery” e^isy, but in the lost 
analysis the ultimate dependence la still upon human bruins and 

For the first time in many years, a much-increased allohnent for 
library binding made it possible not only to fiend current periodicals 
to the bindery as soon as each volume was completed, but to reduce the 
arreax'age of binding or rebinding of older periodicals and books to 
a very considerable exLeut. It is gratifying to report that 8,016 vol¬ 
umes were sent to tlio bindery, and that 1,380 worn and fragile volumes 
requiring sx)ecial handling were espa;rtly repaired in the library. 

There were several major clianges in the staff dui'ing the year. 
The death of Mrs. Hope ITaniia Simmons, chief of the ncquJsitioDa 
section, on Juno 16, 1056, wjia a sad loss* Mri^. Simmons had served 
the Library most cfliciently siiico 1027. 

kliss Minna Gill, chief of tlic catalog section, reaigned on November 
30,1955, and Mrs. Ruth W. Bawson, also of the catalog section, retked 
on December Si, after more thoji 30 years of service. Miaa Ruth 
Blanchard was appointed chief of the catalog section on January 23, 
1956. 

The niost serious handicaps to good Library service continue to be 
the scattered and ineiGdently arranged housing of tho library, over¬ 
crowding of the shelvcfi, the need for a larger staff of trained assist¬ 
ants, and for more money to buy booka^ 
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SUMMARIZED STATISTICS 

A-PCIES^MS 



Volumes 

Total 

recorded 

volumes, 

me 

Smitheonlan Deporit at the Library of Congrpes 
Smithsoni&b moin library (inclndliig tcirtuer OlScc and 
Vtiiar-Tim lihruHefi^ _ ____ 

855 

a. lOS 

141 

387 

9S 

161 

0 

535, 447 

300, 383 

14, 842 
35, 077 
433 
13. 870 
4, 2 05 

AetfophyalcaJ Observatory {including Kadiation and 
Organisffifl} 

Burenu of Tlthnnlogy _ _ _ 

Notional Ah- MuHEiiffi__„, , _ 

National Collention of Fibs Aria. 

National Zooloeieal Park 

JlT BtaJ ■ i-r|^ ■ 1--M a mnu tm^, m m m m mm m m m m m. m m m vi 

Total ____ - 

4, 748 

055, 157 



U&boLLDd voiuniec of ptriodityila^ and reprints and separates! from serfHl pnblf- 
cAtiona, of which there lire tnajny thou^anda, have not been included in these totale. 


EXCEA.NGES 


Now GxchRTiL^ artiuiged-- —23Y 

Specially miuested pubUcatlnna received--_—___ 3^124 

CATAWKCHG 

Volaroea cataloEcd^-------4, 74B 

CatAlee cards filed---- 20,563 

PERIOBIEALS 

rerlodli:^! parU entered-----20, 034 

woro sent to the Sm[duii>EtlaB Depes!t 

ORCULAtlON 

liOana of bool^ and r^E-lodlralE—^—----0,276 


Ctrcnlatlon tn Aectlanal llhrorloii Is not connted oicept In the Dlylalon 
□f Jneectfl. 

BlMDPfC Aim aEPAlft 

VolmDee sent to the bindery— ________ 8,016 

VoliuDQS repaired lb the library.___^______1,386 

Bespectfullj submitted. 

Leila F. CtMVitK^ Librarian. 

Dr. Leonahd CajumickaeLs 

Secretary^ Smithsmitmi Institu^on, 




























Report on Publications 

Sir : 1 hsTe the honor to submit the following report on the pub¬ 
lications of the Smith^nma iind its brandies for the year ended June 
30 , 1966 : 

The publicatioiks of the Smithsonian Institution are issued partly 
from federally appropriated funds (Smithaonian Reports and pub- 
Ijcationa of the National Museum, the Bureau of American Ethnology, 
tlie Kadotial Collection of Fine Arts, and the Astrophjsical Obser¬ 
vatory) and partly from private endowment funds (Smithsonian 
Miscellaneous Colleetiona, publications of tlie Freer Gallery of Art, 
and some spetial publications)* The Institution also edits and pub¬ 
lishes under the auspices of the Freer Gallery of Art the series Ars 
Orientalia, which appears under the joint imprint of the University 
of Michigan and the Smithaonian Institution. The second volume 
iu this seri^ w^a^ ready to go to tlie printer at the end of the year. In 
addition, the Smithsonian publishes a guide book, a picture pamplJet, 
postcards and a postcard folder, a color-picture albuni, color slides, 
and popular publications on scientific and historical aubjects related 
to its importiuit eihibiis and collections for sale to visitors. Tlirough 
its publication program the Smithsonian endeavors to carry out its 
founder's expressed dedre for the diffusion of knowledgep 

Daring the year the Institution published 13 papers and title page 
and contents of 3 volumes m the Miscellaneous Gollections j 1 Annual 
Report of the Board of Regents and separates of 18 articles in the 
Report Appendix; 1 Annual Report of the Secretary \ reprints of 3 
papers in the hliscelLaneous Collections and 1 Report separate; jmd 
1 special publication. 

The United States National Museunv issued 1 Annual Report, 34 
Proceedings papers, 1 Bulletin, and 1 paper in the series Contributions 
from the United States National Herbarium. 

The Bureau of American Ethnology issued 1 Annual Report and 

1 Bulletin- 

The Smitlieonian Institution Traveling Exhibition Service, under 
the National Collection of Fine Aits, published special catalogs for 
6 of its circulating eshibits, and a catalog of its available exhibits 
for 1056^1057- 

The Freer Gallery of Art issued title page and contents of volume 

2 of its Occasional Papers series, and 4 special publications. 
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There were distributed 424^$D copies of publications and miscel' 
Ifuieous items- Publications; 68 Contributions to knowledge, 32,131 
iliscellaneous Collections, 0,12G Annual Reports and 16,561 pamphlet 
copi^ of Report separates, 029 War Background Studies, 13,i63 
special publications, 931 roports of the Harriman Alaska Espedition, 
61,060 publications of the National Museum, iTplS publications of the 
Bureau of American Ethnology, 30,3S1 publications of the Natiotial 
Collection of Fine Arts, ST publications of the Astrophysical Observa¬ 
tory, 19 publications of die Freer Gallery of Ai t, 4,137 I’eports of the 
American ITistorical Association, and 1,906 publications not isued 
by the SmKhsoiiinii Institution- Misoellaneoua; 202 eete and 10,013 
prints of North American Wildflowera and 1 Pitcher Plant volume, 
44,033 Guide Books, 10,713 picture pamphlets, 74,571 postcards and 
12,180 postcard folders, 4,2M photo sets, 8,482 color slides, 10,621 
color picture albnuia, 4j,i65 infoTmation leaflets, 23 New Museum of 
ITislory and Technology paniplilets, and 08 statuettes. 

Tiio 1966 allotment fi'om Government funds of 5162,000 for printing 
and binding was entirely obligated at the close of the year. 

[Dje Astropliysietil Observatory during the year inaugurated a new 
series entitled Smithaonian Contributions to Astrophysics, which will 
publish the i^ta of the I'esearch of the Observatory and its col- 
laborators, with particular emphasis on problems of the study of the 
sun, the earth, and tlie solar eysteuL At the clo-sc of the year the 
fitut number of tJie new series was in press, consisting of n group of 
papers under tho general title “New Horizons in .Astronomy” and sup- 
I^orted jointly by the National Science Foundation. 


SMITHSONIAN PUBUCATIONS 
SunflBOTTiAJi: lIjeczuLAaeuns CoiiEci'ieNs 


No. 1. Tlie Bromdiacftifi of ErazU, l.y Erman E. gmttiL 2So 
(F abl. 4184- ) SeptoEj ber 7.1 Bfl5. (33 ,no.) 


I>D., 120 OeB. 


VOLUHE lij 



Alaska, lij fJ. B. IIocGlnJHe aoi 
30, less. (32^35.) 


-to, 3.kW. Ifl.lXJ.; 

tJic murine JuvertebroleB of Point Harrow, 
pp., S pla, 3 BgiE. (pnliL 4221,1 NoTember 
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VDLUHE lai 

Na 1. opetMiEiias ol tlie SuutbaDDian A8tiv>£j[ijftlcHl Obaenatoryp 1^5- 

1953^ by G. G. Abbot. S pp, {TlibL 4222.) Scpti^mbcir 22, 1&55. (IB cema,) 
No, 2. CTlie liiflt crtilafl of H. M. a, £<iO, by ITeadel L. Pfitersan. Ki pp., 17 p\^ 
3fl^. <Fdbl.4m) November 23,1855. ($imj 
No. 3. Synonymlcal dotea on dooE topical files of tbe fniEily TiibanTd^e (DJpt«ra>i 
by G. B. Felrdillfi. 38 pp. (Publ. 4225 ) Januaty 11,1955. (^ cents.) 

No. 4. New CtetaceoDS BraeMopoda from Arizona, by G. Arlbbr Cl<ioiiejf+ Ifl pp-* 
■tpii (L^bL4227.> December 21,19^. (45 cents.) 

N<>, 5. A cbeddLflt of fossil udfi preblstorlc birds of Nortb America and the West 
Indies, by Aleisaiirler Wetmore. lOB pp. (FybL 4223.) Jatiunry 25^ (iO 

cents.) 

No, Palcoceoe miminialian fnntiaa of the Bl^n Basin In south-central 
Wyoming by C. Lewla Gazin. 57 pp.^ 16 pla^ 2 flES, (PtihL 4229,) Febmary 
23, 1953. (51.00) 

A^QLtruE m 

An Indei to the genera and species of the Foramlnlfem, Firta 1 and 2, by Charles 
Daviea Bherbnrn, wttb forewotd by Alfred B. LoebUch. (Beprlnt of Smith- 
Honlan Mlsccllaneons Collections Puhla. heft and 1021-) 4S5 pp^ (FnbL 4220.) 
August 18,1865. (Pm) 

Ammtal Aefohts 

Seport for 19S4 *—The complete Tolmne of the AnnuHl Report of 
the Bonrd of Regents for lfl5i was recoived from the printer October 
11, 1055: 

Annual Betiort of the Board of liegents of the Srtithsotilsn InsUtntlon showing 
the opemtlona, expenditures, and condition of the Institution for the year 
ended Jime 30, 1BB4. lx + 4rj5 pp,, 77 pla, 20 dgs. (PnhL 4190.) 

The general appendix containeil the following papei-s (Publa. 4191- 
4208) : 

The nature of the nppei: atwo-rpherCi by b:. B. W. Ma^ey. 

Solar infiuenoo on the earth, by John KrarLS. 

Fifty years of flying pr^^rcas, by Gdotct Dnenlng, 

Tektltca and the last piaaet, by lialph Stair, 

On comparing the brain with mftohinea, by B. M. MacKay. 

A glimpse nf lacamprchenalbles, by George Corner^ 

The electron microscope In biology, by liflliih W, O. Wyckoff, 

The spread of the cattle egret» by Alexander Sprunt, Jr. 

The migration of mammols, by L. Harrlsan Matthews. 

The flight of anlmdls, by James Gray. 

Botanical stn-rlina Ln Fiji, by Albert G. 3mlth. 

The Tomaiice nf dome^cated plantSt by Glenn W. Blaydes. 

The Bcteldillc det^ctlcm of c^^me^ by Cbarlw Sonnl#. 

The great PIltdown hoAS, by WlUlam L. Straos, Jr. 

Onr State names, by John P. Harringtom 

Shanldar cbtc, a PaieoUtlilc isSte in northern Iraih by Ralph S, SoIrCkL 
Medicine, warfare, and history, by John F+ Fait an. 

Hfiirlet L^ne Johhatoa and the Natfoaal Oonectlon of Fine Arts, hy Thomas Bl. 
Begga. 

412575—57- i4 
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Report for 1S55*—The Beport of the SecixUryj which wiE fottn 
part of the Annual Heport of the Board of Regents to Congress^ was 
issued January 13, 1956> 

EptMft flf the SccretaiT of Smithsonian iDstituUon and fluAMlai report of 
the EieetiElre Committee of the Board of Re^nts for tho year ended June 
l»5a is+17fl pp., 7 pla. (PtibLd230,) 

Retiu^ts 

L'tlllzinj; heflt frem Use nan, hy Q. Q. Abbot SmlthBonlan AlisC. CdlL, vol. SS^, 
No.5,11 pp.p 4 pjfl,. 1 {Vm. cao rentaj 

^mlthHonlan Physical Table«r compiled hy E, Foreythe, Smlthsoalan Mlsc. 
ColU yol. 120 (whole voL). C FabL 41«9.) ($10.00.) 

Solar Tftjintlon n JeadloK weather element by C. Q- Abbot Sjnltltsoaian AIS»a 
CoU., fol. 122, Ka. 4, 36 pp., 22 (PnhI. 4l3S). (OD cents.) 

34>lar mdintlon na a power sonxte, by G. G. Ahhot SmlLhsaiiiAn Ann. Bep. 194Bp 
0 }Tp.p 3 pl&t ^ (E^bl. 3T-i2:> 

The SmlthHonUn laetUatlon. pp^^ (Pabl, 4146.) 1050. (60 cents.) 

PUBUCATIQNS OF THE UNtTED STATES NATIONAL AlUSEGhl 

Rzpobt 

The Utxired Stalea Ifadonal MoEeam annnal report for the ynar ended Jo tie 30^ 
1055. t- 3-102 pp-t UluHtr, [lOSOj 

PnocEfjDiecs 
voLtjut m 

Title imget table of contenta, and Index. Pp. 1 -Jt* £120-540. Fehniary 13, ISSd. 

TDI-nUE lOd 

■ntla pagep table of contehts, and Index. Pp. I-t^^ ft33-4lOT. March 12, l66a 

VdLnUE IH 

No. 3342. Biology and taxonomy of North AmerSeqD beetles of the anhfamny 
Geotmplnae, with reTlsEons of the ^enom Bol5oeerfi«affla, Geo- 

frvprt, and PeMofrapej (Scamhaeidne}, by Henry F, Howden. Pp. 151-51&. 
plail-lA Noremher 28^ 1065- 

Nd. 3343. Fnilt fl iee of the getme T&moplaffin CoquiUett (Dlptern, Terphrltida«> * 
by Martin L. Act^I. Pp. 321-4U, Ggsi 00-102, pis. lS>-20. ^tember 2S, 1055. 

No. 3344. Searab beetles of the B^nns PmmmodiuM In the Weetem Hemlaphare, 
by O. L, Cartwright. Ppi 413-d^ Abgoat 24,1066. 

Np. 3345. A fntther tdDtrlbndoi] to the arnlthology of northeastern V^ezDela^ 
by Herbert PKedmana Ahd Foster D. Smithy Jr* Pp. 433^24, flga. 103-107* 
pis- 27^ December Z 1055. 

No. 334fl. Modldcadons of pattern In the sortie arch system of binla and their 
phylogenetic algniftcance, by Fred H, Glenny. pp. 52S^-©ai, flgs. lOfl-llfl. 
December 16, 1056. 

Ko. 3347. I<nahe& of the ramlly Peteophldldie &chh the coasts of oaatem United 
States and the West Indies, with desctiptliina of fonr new species, by Isaac 
Glnshorg. Pp. 623^-630, dgs. 120-122, October 13, 1(165. 

Na-3348, Neotropiail Mirldae, LXV : New ^nera And species of bugs of the tribe 
Termatophjlihl {Hemlptera: Deraeororliiafi), by lose CL M. Cayv^elho. 
€41-049, % 123, Id. 3L October 27,186&, 
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vaLmK iM 

No. 334B. No tea OH Eilirltni» from tlie Marsliall tr Fennor A, Cbace, Jr* 

Pp. 1-22, 8 figa. AngOst 1-2^ 

No. 3350- Lflntoromea of the family Taaldac of the t^es^Bor Anti ilea (HomopUra! 
Folforoidca), hy R G. Feniiiiii, Pp. 23^7, 6 figs. November 23, 1355, 

Na 3351- An aimttimloal Efody of the ^^^reffrlne mogaseoleeM earthworm 
FAerefifWff in ihe enetem United StAtea, hy William Gu Grants Jr- 

Pp. 43-03, 4 Ags. October 17, lOn^V 

Na 3352^ Some polydad flatworma from Folycesla and Mtcroneala, by lAbble H, 
Hymati. Pp, 05-82+ 5 figs, Sertember 6,1955. 

'So. 3S53, Elriiig iloe of tlie genua ^Hmnwdjaenia (Mallopbaga: PbHopterldao) 
oecnrring on tente, by Ronald A. Ward. Fp. 83—ItMl, 1 fig. September 8, l&iS- 

No* 3354. Three Miocene porpoises from the Calvert Cliffs, Maryland, by 
Remington KeUogg. Pli. 101-154* 1 flg.* 21 pis. December 14, 1955. 

Ne. 3350, A review of the New World flies of the Genoa Oonopt nnfl nlUeB 
(Dlptera: CuiioplJae)+ hy Sidney CAmraa, Pp. 155-137. September 2Si IKifl. 

No, 3358. Popnlationg of tba berycold Rsli family Polymiilidae, by Bctie^t A. 
Lnohner. Pp. lB9-m 1 pl October 21. 

No. 3357. Contributions to the oomenclalnre, syatenifttlcs^ and morpholoKy of 
tbe Oclocornllla. by Frederick M. Bayer. Pp. 207-223, S pis, Boeaniber 21, 
10^5, 

No. 8353. Eryosoa of (be United States Narj'^ 1347-11>48 AntaretLc liipcdJtlon, 
I-IV, by Mary D. Eogick. Pp. 221-317, 35 pis. March 13, 1958, 

No, 3359. TyifcO secies of the genem and sobgenern of pnrasltic ivaeps coiii' 
prising tbe soperfamlly Proctotrtipoides (order Hymenoptenl), by O, F, W. 
Mne^bocfe and LoeRa IL Walklef. Fp, 319--41fl, February 18. lUGfi. 

No. 3360. The SpoHElRa-fllGB^ with special reference to those of the Western 
Hemisphere (Sisyridao, NGnropteni)+ by Sophy L Farfln and Ashley B Gurney. 
Fp, 421-G29t 24 flga,, 3 p]S. May IS* 1953. 

Nq. 3301. Marine polychante worms from lihrador. by Mu Han H, Feltlbone, 
Pp, 531-5&4, i fig. March 29, 1^. 

rdLbUE iw 

Na 3362L RevlaJon of the mllilped genus Dfirii>rta (Pol^^dearahJa: Systodea- 
nUdae), by Bkbnrd B HotfinacL Pp. 1-19, 4 flgs, March 2fl, 1956. 

NOr 33S3- A revision of the flies of the genna (Odtldae, Dipteru) of 

America north of Miilco, by Ryojl Nambci. Pp. ^-84,10 figs. Jane 5,195S. 

Bulutihs 

20^, The ha-ney-gnides, by Herbert Friedmann. tiH-21>2 pp„ S dEfl.* 25 pla. 
October 29, 1955, 

CoKTBiinnoNf raOM Tm U. S. NAriortAL llnitaAKiuM 

TOLUUt M 

Part U, The Anierknn Epeclea of Aescbl'niOmeoe, by Telvn E. Rndd. Iil-|-172 pp-t 
10 flgs. October 13,1955. 

PUBLICAHONS OF HIE BUREAU OF AMERICAN ETHNOLOGY 
AaifiTAt. RrroHT 

Seventy-second Atinual Ketwrt of the Bureau of American EthODlcigy, 1954-1055. 
ii+2# pp- 1953. 
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EulxLETirr 

BuUetlu 163. I>i3aS: Orlg^Ui tnyth^ ot tho NutiOld IniEaiiSr AileeQ O'BryaiL 
pp.p 1 pl^ 24 Jane 2Tp 1 ^. 

PUBLICATIONS OF THE NATIONAL COLLECTION OF FINE ARTS 

Contempurarj Pinnlsb ikTcblteetiire. (SmiUiaoiiliiii Traveling E£- 

MbLtloii SerTle« catalog.]! ^ pp-p lllustr^ [Octc^bar IU55^] 

Corman drawiiiga, ilasterplecea from Hto (SmlEliflonlaii lastJtiitioa 

Tra.vi>lmg Ekblbltlon BeifTk-e catalog,) 59^ pp-p Ulnstr. fNoTcinheT 1955.] 
Taiw-ntries hj Uaai^ab ILviK,'saiH (SiulthaoTiinn InarLtnUoa Tr-ftVelShg Exhlbltioa 
Scrvlee catalog.) fi pp.p illaatr. [Norcmbcr 1&P5-] 

Pbatc^apliB oC Vcaatbui vUlaH, (SmltbRoalun InatStatloii Tta?cliPg Exbibitloii 
catalog.) 13 PC*-, Ultustr* [NoT^mbt^r 3055.] 

SjDltbgonJac Ti^fatltuHoa Trarelbig Exhibitions. 1050-1957 catalog, (Smltb' 
aonlan loatitnUoa TraTclLDg ExlilbltJon Scrvlec {rat.alag.> [1956w] 

Italian arts and crafts. (Baiitbaonlan Institution Traveling Exbtbltloa catalog.) 
15 tUuBtr. [FobruiiEy 1956,} 

Fluiisb rrafts. Tapto Wlrkkflla and Hat Bryk. (Smltbsonlaa InatitutLon 
Traveling Exblbtiton catakjg.) 33 pj>„ Ulnstr. {April 1956.] 

PUBUCATIONS OF THE FREER GALLERY OF ART 

Title page atul table of cowtenta, Occaalonol Papers^ tol. 2. tUiibl. 4223.} [Sep¬ 
tember] 1055. 

The Cbortes Lang Freer Medal (first presentHt!Dn)« Booklet cnntaJniijg a partial 
blbllogrspby by PtqL Osvald Str^. 

Cbarles I^ag Freer Ceuteimial Exhibition (lfl56^135«). Booklet ilatiiig objects 
on exblblUoD In galLerles. 

Flf«l Dr«iMat»(l(jD of ibe Charloa Lnne Freer Hedat, 27 pp, S pla, Fetniiir 25, 
lOStl. 

Cliliicse porcclniEiB ftoin the Anlebil i^brlbe, by Jobs Alexmider Pope. 104 pp, 
142plB., [jTUie] 1^50. ^FqbL 4231.) 

REPORT OF THE AMERCCAN HISTORICAL ASSOCUHON 

Xli0 [iiiilual reports of tlio ^Vinorictin Historical Association are trans¬ 
mitted by the AsMciation to the Secretaiy of the Smithsonian Institu¬ 
tion and are by him communicated to CongresSj as proyided in the act 
of incorporation of tho Assoc) ation. The folloiriiig reports were issued 
durinir tlie year: 

Aiuieitl Report of tbe Amerlrntt EREtorJcal Aaiodatloa for tbe year 1B33 VoL '* 
WrltliijtB on Amerlfan History, 1051, 544 pp. vm. 

Anniml Report of the Amertcan IllBtoThMl Assoclaifon for tbe year 1064. VoL L 
Proceed ItufS and Hat of iriembore. ITO pp, 10S«, 
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REPORT OF THE NATIONAL SOCIETY, DAUGHTERS OF THE AMERICAN 

REVOLUTION 

The maiLiiscript of the Fifty-eighth Report of the National Society, 
Daughters of the American Revolution, was transmitted to Congrees, 
in accordance with law, on April 4,1&56. 

Respectfully submitted. 

Paul H. OEndaH, 

Chiefs Editorial Fublicaliims Divisi^* 

Dr, Leon AMD Cakshceaelj 
Secretary, Smithsonian InsHhctim. 


Report of the Executive Committee of the 
Board of Regents of the Smithsonian 
Institution 

Far the Yefljr Eudfc] June 30^ 19S6 

To the Board of Regents of the Smithsonian Institutions 

Your eseeutive committee respectfuUj submits tba following report 
in relation to the funds of the SoiitJieonian Instimtion^ togetlier with 
n etatomonfc of the appropriations by Congrees for the GoTenuoent 
bureaus in the administrative charge of tlie Institution. 

SitlTHSONma ENDOWMENT FUND 

The original bequest of James Smithson was £101^960 6d.— 

$508^18.46. Eefunds of money expended in prosecution of tlie claitn^ 
freight, insui'HJice^ and other incidental expenses, together with pay¬ 
ment into the fund of the sum of £5,015;, which had been withheld 
during the lifetime of Madame de la Batut^ brought the fund to tlie 
amount of $550,000* 

Since the original bequest^ the Institution bos received gifts from 
various sources, the income from which may be used for the general 
work of the Institution. These, plus accretions, ate listed below, 
together with a statement diowing the income for the present year* 

liKlKUffMEXT RJKDS 

(Income for the osc of the Institutbo) 

Partly dcpofilted In the TTolted Sts tea Treasury at S and portlj layeated 

la etodcs, bondSp and uUier holUn^a 


Fimjd 


IfiiMiae 1^ 

Ftfcnt fufld amJtliKU tiaiiue«l, ploB BAeumcLaacd: Avliiip)- _ _ 

fi^.inasa 

t43L7B.1W 

SnbKqTi£DE beqiiBsts, ilfta, luid oUui^ lUndl, Ewtly d^potltcd Id tbA 
U i. Tiwurf ^ La<‘isil«d la tiH oo^lldat^ ftnul: 

AbhDit, W. L., irpMdal. ____ 

ATflrTt Robert S.. Mid Lydia.... . .. ,, 

iafl22,?7 

4^m,22 

mM 

1H47A02 

1.017.M 

L IHIflO- 
3.mC2 

WT.ffi 

Z]L44^B9 

ITB-BT 

iOL?ft 

1 W-U 

' ff7.D2 

im47 

£iudawmfiat___ 

Ffahel. Ot'. B. . 

UHbeaberr* □eerte F- uui C^Un* .. _ 

l-rnmiltjapi Jnnmj 

n^ltry. CifDlliiH___ 

UodEUiia. TJanniM 0_-. . 

OlmBE«d^ Eetrci A.. 

Feriflf. UoCirF Elrkt. _ . ... 

RSmhi. WQllttm Jfflaai. _ , 

SBZllHd. Ow^H. 

WltftwfWwtiH Thaoifl* A.._ _ _ , . . ; 


IX WI. Q4 

ToCbI.. 

Lmm+a 

1 


□randtotal.. . .... 


IDtl/lK^.Sg 



m 
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The Institution holds also a number of endowment gifts, the income 
of each being restricted to specific These, plus accretions to date, 
are listed below^ together with income for the present year. 


Fund 


lUSB ImiHamfi 195fl 


AliiiOtt, WUlIam t-, fiir Mnr(iUgflt 5 flM in hEnloffT- - -—— 

AftbuF, Jaa»«, Iw kiTniiigatkiaii and ^Itadf Cf Iflrt sjuiiud 

bctClTtt on. SBJSK __ _____ -X. ........... T■ 

Ha^Ei, VEi:f:l4i£fk Fiinlif, tov »bQlflnblp to InvHtieatf fcuoii 

Of CQUTitrtEi oUiBr Uiui th* niilt«d ... . —r-— 

Batrd^ Uqc!; fir owiUiif a mjnnjorlBl to SefT^larr Bilrd. ... 

a&rcicf« rU«r tH p *iBt,in|m, HJiri pBdtelfl imd en- 

of Amoflaui 

Barat[>w, FradjerLult D.^ for ponb^Ba of uilrnaJ^ fbr Zoalodc^ FArfc. ... 
GuLAdit Idf liififvSM Ukil cva dI tha CaiLllfeld eoAleetliiii nt 


Ohuit^ Tbooua L.^ fir m&lBCcoAnce aE Cba OBarr cfidketipiL md 

mfliJflfl flf nil^Ung id -- 

CliiifTPbcrEatii^ FnuKlB L«h. fcr Ioctbub and tirdt^Uati Cf tvuU} Led 

■caUafrcLoii, or gaiofl [iT>d _^_ 

HykiH, OhorlWplarMUppartba rcwarthr.™-^---.- 


ElEkameTETH Flarance BnTocrt, fcif preBBrnlioD lad Biblbttlon Of tbs 

phoitofFflphi? OO^lMtldH ol Rudalpb EhsknCDtFfcr^ Jr... 

Ufbfv, VtrE^I, for iii£FG4H mid ciTB of VErill HEliirtf Of U£^t- 

Ini ofdKtB. 


ULtobeoaki -itb«rl ^ for c4r4 of tb« RitolMWlc A.fro9Lalo$3ni Librmrx— 
Hi»4^l4U, Hpedfle, for IjicraEkHi uid dJUus^on of Iftorv ttm ]tiu»wkdAt^ 

in rvtiard to natniBand pmporEddB of atmoopbeiicair.......... .. 

UnJIiEIni^ AJsi ud MbHb, Eufurthor rcoiArdiH In phjzkal BstbropoH- 

ofT Bcd patacatiiHS In eonnMilon tbaiwitli---.-__ 

ncu^bM, tobdJhl HokbsaolflOTt.. .... 

Loo-b, Morrts; for furtbBTBdu^ of kunwIfideB Ln tbo exact sdeEUSH.... .... 

Loofi Annette uhl Idlib fbr apkoffi and t^allon of Ldcif ociK 

^IIOD of GiiLbraldjeiBB, usd lBxtll«_ .... 

Marj for cart and ufaibltkiD of MAiwoQ DDltecUan_ 

Mfer, CatborifiO WaEdea, fir Etdl^n Of DnK^ w«k< af aH for 

w iod beondt of tlK N^oaosol CoDfictEoai of Fine Arb... 

Nelaoiv Edward foTIUpport rsf btolcslcal lHadiao--- 

^r 0 i^ Trmtik B., fir hbg In ranDioctdoa vftli tlio odlljKHoii of doHi 
p1a«d fa tha IF. S. NatlpEiAl Mu^oia thfoo^ iSe Intemt of Mr. 

■ad — ..... 

FriU ComellA LfTln^fioai lor CQolntenflnDe of Albed UtEinH PoH siL- 


F MTU, Luct T. bod Geom W..^ br fibncfiU Ui« Of tl» InUJtntJMi wIkh 

principal unQiinEa In (350,030.. ... 

JUUibiibw RfchJwd. JW t» of dKistmol IT, S. NbJJoqoI MmEum isitt 
tfllnlng CmstitiiPO ... r. --- -- 

Reid, AddliOD T., for fwadlnc chBlr En bhiloBT> fn nwraorr of A^Jwf 

Tnnla__...__._ . . ....- —■■— 

Rublli^ OoEli«ii0D, fir oorv, ImpniTiiiiLPirt, and iScroO^ of Rnobil-m 

oollection bI iikliiEraTa_._.... —. — - -- ---- 

Hoablhif Soilar Rflearob. 


Mblnm bud B^ilQiin, for |oTwtl*Blfiini la pbyitia ftal chOBi- 

iuLrjr__—- - - — 

SmLHwoBlMl maplaino^ Hj toiUMl- —. - -. .— 

ApdneeTK Frank, for eare and In^tian of Eka Spiinfar ooUbrUon tad 

Ubtarir, __ —... .. .....-. 

StronE. JiillM D.^ fir beO^flt Of Uv Kadjonal CoSfsotloa of Flu Anti--- 
Wobort, CTbarl** D, and Mbit V«I«, fOr -dflrEJBDrwQt nf EBoh^lcn] 

bBd pobanlDkfflcaJ «Ul4l« ond pabllablfid ttmdta d aanm --— 

WBilsrtt, Mott Vanx* for pahlEcAtiOBi liiboanT.^..,,....^.^.^..... 

Ymmier, Eblea Wobolt, bdd In mst..-..------ 

ZerbM, Traaatt Hiiockk, for BOdowinMil of bdORTti...— 


TotaL. 



ttimss 


^571-lie 

jg flxj 

iSiikSEa 
1,61% 40 

»4^ia 

1, aiAOi 
%Ta 


2.E55.CI3 


857.3T 

3C,7«L^ 

*l,6BT.g2 

l,8Al.n 

1,474.11 

lASOAR] 

mi3 

§,347. 77 
A0H.J1 

ias.oa 
IDA a 

i4MLnn.o0 

a, woo 

47j7n.H 
ac 311.27 
na»L»i 

1276.73 

£.miD 

m.f4 

36.27 

imH 

Ti,iai_fie 

ISW.Si 
997. JT 

1,230.35 

&L1B 

t,4]4« 

405. IH 

3aa.9flLis 


iAS08.§4 

710,52 

3310S3.0I 

lW-i4 

353L394 9? 

AOAiaS 

3,5Sfl-07 

mmi] 

3a. 571 is 

A2ra.fl 

33^77134 

lIBAOO 

WT-lS 

OOABS&H 

^SHLSD 
1304 74 

Sl,e».B7 

AiQA^l 

4,S3.4A 

ELM 

2,3(13.311 47 

us^moi 
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FBEEH GALLERY OF AJIT FUND 

Eorlj ID 1006 , bj deed of gift, Charlea L. Fr^er, of Detroit, gave 
to the Institution his coUeotion of Chiaeae and other Oriental objects 
of art| as well os paintingSp etchings, and other works of art by Wbist- 
ler, ThayeTj Dewingp and other artists. Later he also gave funds for 
construe Lion of a bnilding to house the collection p and finaUj in his 
win, probated Noveitibor 6 p I 6 l 9 j ho provided stocks and securities 
to the estimated value of $ 1 , 958 , 591 . 42 , as an endowment fund 
for the operation of tho Gallery, The fund now amounts to 
$ 7 , 422 , 474 . 98 . 

SUMMARY OF ENDOWMENTS 


Investment endowment fnr gis'ncral pMTpc&es^__ 95?, 3go, go 

Investment tudowitteiit for speefcfie purposes otber ttmTi Freer 
endowment..-----2, 202, 2ia 47 


ToUd Invested endowment other than Freer.___._______ 4, 220, 113, 43 

Freer Invested endowment for specJ 6 o poipcises..^..__ ?, 432 , 474 , 2 S 

Total invested endowment for all purposes___ 11, 542 , 588L 41 


CLASSIFICATION OF INVESTMENTS 

Deposited in the U. S, Tioamny at E percent per annuna^ m au¬ 
thorised in the D, Eovised Statutes, see. 5501_$J^000, tMK), 00 

iDveatmenta other than Freer endowment (eoet Sr market valiia 


at date acquired); 

Bonds.... 51 ,163, m 61 

Stoaks..... 1,982,820193 

Real ofltata and mort^o^es____ 5 SDL 00 

Untu vested capital______ 253^ 


3, 220. 113. 43 


Total investmenta other than Freer an- 

dDwnLent_ ________ _ _. ^ _ _ _ _ __ _ _ _. 

Investments of Freae endowment (coat or mar¬ 
ket value at date acquired): 

Bonds______ 

Gtacks-_______ 

Unln^^asted capital____ 


Uy 242^ 03-i 31 
2 , 973, Boa 30 
206, 4&4 37 


4,220; Ua 43 


7 , 422, 47A 93 


Total Investments 


IL 642, 53^41 
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CASH BALAxYCES, keceipts, at^d disdursemej^ duking 
FISCAL YEAE 19561 


Caflb bnTBDoe on hnud Jyne 30, __ _ _ 

Receipts, otitcf than Freer endowmeat: 

IniMine from investiaf^ntA. _ __ _ __ |247i 4221 ^4 

Gifts And flpntrfbiJtioiia___ __ 54e> 732, 82 

Boflko and publieatlotLd. _ _ ^ ^ _ 43, 433_ 13 

MiaceliAneoiia _ ___ __ 27^ gjO, 05 

Emploj^eea* payroll withholdijige and refund 

of advanw __ ___ 8 , S02L 04 

Proc^da from real estate _ _ _ __ 45 t 00 

Proceeds from sale of seoiirities (net) 224, 658^ 71 

Proceeds from sate of cash Secnifties (net) _ __ (98^ 708. 14) 


So&o, ssa 38 


Total riHjeipts other than Freer endowment. 
Receipts from Freer endowment: 

tacome from Invcatmcnte.^_ 


h 105p gea 45 
367 p 880 . 32 


Total_ 


2p OSOp 700. 15 


Hisburwmenta ether than Freer endo^mient: 


A£imlrbi$tratioa_„__,^___ 3103, 989. 8S 

Bubllcationfl-,,..^______ 32,349, 47 

Library. L 2ia 42 

CtistodJan fee and servicfnff Bocuritiaa_4, 623. 2S 

MiBoeIlAnwua__,__ % 041, 63 

Rcaearnhcs and CTcpIomtioiiB_. 521,537,58 

S. L Retirement System._^__ 2, 323 32 


Total disbummcnta other than Freer endowment.._ 968 p 975 5 G 


DisbursementB from Freer endowment: 

SEiJaries_„_____„_____. . 5130^9061 22 

Purchases for eoUectEon__ 164, 325 00 

Custodiao fees and serinelng^ s^iiritlei _ _ 10, 889. 23 

MieoelJaneouB_ _ ___ 41, 24SL 55 


Total di4bur?jemeiils from Freer eDdowmciit_,_,__ 347^ 369. 00 

Total disbnrsementa__ ^ _ _______ 1 ^ 016 ^ 344 56 

Cosh balance June 30, 1&55__._______ 1, 034^ 355, 59 


Total. 


2 , 050 / 70 a 15 


( Tbit |[■tGlniBal dwa □□[ Indojd# Oi^Tmunent sfipKipfiiitdQim oudif tb* KdmtniitrAtt^ chnrfifl of tht 
InsUtallDdL 







































208 J^mAh EEMET SMITHSONIAN IKSTTTUTIONj 19fl« 


Cub: 

United Btateii Treasujy cur¬ 
rent account___ 

In VutTilrg nod on hancL-_ 


Assirrs 

H34, V50. 2S 
599, G05. M 


1, QM. 355. 59 

Less linlii vented endo-A^caent 

274, 743. 25 

- *759, 612. 33 

Travel and other advances____ % 503, 00 

Cash invested (TT. S. Treasury 
notes)....823^ ^ 48 

Investm&nts—at book value: ^ 

Endowment funds: 

Freer Qallery of Art: 

Stocks and bonds- $7^ 215j 990. 61 
Uninvested cash-^ 206, 484 37 

-—- 7p 422^ 474 GS 

InveatjncntB at book value other 
thim Freer; 

Stocks and bond3__^^_^_^^ 

Uninvested cosh_ 

Special deposit in U, S. 

Treasury at 0 peroent 

Interest.... 

Other stocks and bonds-.^ 

Eesl estate and mortgoges. 

-^—=— - 4, 220, 113. 43 


3j 001, 535. 03 
63, 253. 39 


I, 000. OOO. 00 
H 42& 51 
5, S91. 00 


$L ^4 81 


IL 642, 5Sa 41 


13, 228, 790l 22 


UNEXPENDED FUNDS AND ENDOWMENTS 


Unespended funds: 

Income from Freer Gallery of Art endowroont____ 

Income from other endowments: 

Refltrioted----- * 350 , Sl& 28 

General..,.,----___ 276,104.13 


Gifts and grautg. 


5557, TOa 90 


626,919. 41 
401. 572, 50 


Endowment funds: 

Freer Gallery of Art-- 
Other: 

Restricted- 
Goneral--^^_ 


Ip 586, 20L 81 


. $7,422,474 93 

. 2.262,213,47 
. I, 957, 899, 96 
- 11. 642p5Ba4l 


13, 22 s, Tea 22 


Total 
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The practice of mainijiiniTig savings accounts in several of the Wadi- 
ington banks and trust companies has bean continued during the past 
yearj and interest on these de|>03its amounted to $4,759,33. 

Deposits are made in banks for convenienca in collection of checks, 
and later such funds are vrithdrawn and deposited in the United 
States Treasury. Disbursenient of funds is made by check signed by 
tlie Secnetary of the Institution and drawn on the United States 
Treasury, 

The Institution gratefully acknowledges gifts and grants from 
tlie following: 

Amcrfcao i^iUIoscrplilcal for bytirldlmtloD EtnOlea i>f atlnk bogs. 

Amerlcain Pbllaacphlcal BtJcSety, grant to fartb&r research on the Mh>f pHuts 
of John Baptist JackEon. 

Atomic Ejiier^ ComciisELoii^ additional gift for the stndJes on the regiilatLoo of 
plant growth by rndiatKoii^ 

Atomic Energy CoiotTilasionp additional gift fot mechanlsin of action of ionizing 
radladon. 

Mr. and Mrs. J. Brace Bredtop gift to cstnbliEh "The BredUi Expcdltfoa Fund 

Mrs, Agnes Chase, addlttonol gift for enpying the Indei to grass names. 
DtTMirtiBont of the Atmy^ C?bemlcal Co^pB^ addltiooni gift for research Ettudies to 
detertaiiie the ixidaonco of plant regulators. 

EntcinologicaL Society of Amerloa, gift to aid In printing of manascrlpt entitled 
“History of Entomology In World War 11.” 

Edward r. Uenderson, gift for research on meneorltes- 

Hmnble CIU A Reflnini^ Co. and CalLforola Re^arob Corp., ^nnts-ln^EiJd to the 
planktonic Foramlnlfeta Project. 

Idaho Power Comjiony, grant for Bnahe ItiTor AreheolOfTlcal Project 
John Stmon Ouitg^nhelm Memorial Fi>trthdHtluti, additional grant for the wax 
inotabotiHm fund. 

Edwin A. LLeiIe, additlotial gift for historical research (marine archeology). 
National Academy of Sdonoea^ grant for preparing a manascrlpt tronalatloo of 
a "Flora of Jnrnn'' by Jieabtiro Ohwt. 

National Academy of ^lenees^ grant for i^pport of research on TJ. H, National 
Museum eolFectlon of aaeltHaaa, 

National OoograpLIc Society, grant to complete tbe exeavatioos and related 
work ut tlie archeological site in Jockson County, Ala, 

National Scleoco Foundation, grunt for ta^^Enoinle study of the phnnorogaius 
of Cijiambla. 

Netianol Science Foundation, addltloiml grant to make pos^ldo Ihe continuation 
of wori of the Canal Ktdie Biological Area on Barro Colorado Islsnd- 
Natloual ScJonco Foiindation, grant for the support of re-^earcb eti titled "Mono¬ 
graph of Fre^-water Galanoid OopppDd^’^ 

National Science Foundation, grant for an optical traeMng and eclehtldc analysis 
program for the O, S. Earth Satellite Program. 

National Science Foundation, grant for research on recent Fora tnlaifera from 
Ifeluk AtnU, 

National Science Foundation, grant for study of physical changes In the Indian 
population of Hacienda Vtcoa 

Natlannl Sci^AE?e FonndaUon, grant for botanical atudioa in southeaatem Brazil. 
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Nadotiiil iScIenco Foimdation, additloiml grant for regearcJi on *'TAXommy ol 
ttue Baia1)004«^' 

Nfltlomil Selance FanoiiaUoDH for piibHcatLon of mDumscript eutitlod 

Hotlaona Id AsixoBorny.^ 

Nekon & GoI^ilu Orchnrd Go,, addlUoiuX gift for tbe support of bIologl«ii 
EtadJes. 

Office o£ Naval Bcacarcb, gift for raacarcli on maconjallaa hosts and llielr 
parasites. 

Office of Naval Kesearcbj additSonal gift to perform peycholo^cal researcli 
i^rydlea. 

Office of Naval Haaearchr fiift to asatat vrctk In progress on the preparatlou of 
a synoptic catalog of the mo^juitoeii of the world. 

Helen A, Qlmstod, beqnest, to be added to the Smithsonian Instltotlon endow¬ 
ment fund* 

Research Corp,^ gift to be Ti<ped in partially defraying the cost of publlahing a 
enrreat edition of the Smltbsonlnn Geographical Tables 
Research Corp.p grant for the support of s project entitled ^Application of 5^-ray 
Teehnlnuea to the Btnd>' of the Osteology and ItclntloDEhlpe! of Fishes In Sya- 
tematic Ichthyology," 

The Chicago Zoological Society ^ Son Diego Zoo, and New York Zoological Society ^ 
jfifIs for thfl Penguin Fdtiil, 

Gene fit Stirling, additional gift for the study of the archeology and ethnology 
of Florida^ 

The Xiak Foundiitioo, gif I for gnlded^onr mnletlala and service. 

The Museum of Natnial Hktory of HoustoBr gift for improveiucnt of the U, 
NnUonal Herbarium coUeetian. 

The Roeliefeller Fotnnlnllon^ grnut for cnntliiued resertreh by J, d, filnraynma on 
BColytId and scarabaeld bcetlea. 

United States Air Force^ p^iiot far study of atmospheric entry and impnet of 
high-velocity uieleorltea, 

Utilled Stfltofl Air KorcOp grant for research directeii toward the ntndy o£ the rate 
of accretion of Enterplanetsry matter by the eartlL 
United States InfottPfttlon Agency, additional grant for exhibition "Ajnerlcan 
Primitive PatnttnEs,*' 

Wenuer-Gren Foundation and American Pblloaophleal Society, grants to aid 
arehe^iloglcHl research in SbaiiEdar cove* northern Irnq^ 
illBH fiEudellue Wllkinscnp gift for cleaning and repairing historic dresses or 
llnensi 

For ecpiwrt of the Blo-Sdenoes luformatlca Exchange: 

Atomic Energy CommlBsJot] 

Department of the Air Force 
Department of the Army 
Departnient of the Naiy 
Natfonal Science Foundation 
Public Il 0 aith Bervice 
FeSerans AdiuLnlstratloa 

Included in tlte nbove lint of gifts and coutributiona are reimburaablo 
contracta. 

The foregoing report rolatca oiJj to tiio private funds of dte 
Institalioo. 
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The following appropriations were made by Congress for the 
Government buieans under tlie administrative charge of the Stnithson- 


ian Institution for the fiscal year 1956: 

Salaries aiMj --- -—_ 14,1^^0,000 

Nattonal ZooloiUcal PuTk>. _ _ __ _____600^000 

Moaeiun of Hiatorr nnd Tecimoloffy___ _ __ £, 000 


In addition^ fimda were tmnftfeiTed from otlier Government agencies 
for expenditure under the direction of the Smithsonian Institution 
en follows: 

Working fanda, transferred fram the Katloual Park Bijrvlce^ InterlQF 

DepartiDGiit. fop Bpobeological iaveaUfaUoua ia tiver thro«£ti- 

out the United States ______ |WS, 390 

The Institution also administers a trust fund for partial support of 
the Canal Zone Biological Ami| located on Barra Colorado Island 
in the Canal Zone. 

AUDIT 

The report of the audit of the Smithsonian private funds follows: 

WAHHlIfGTOH* D. C. £7c^j(cililjcr 

EoAEZh or RegentSp 

Burriffloi^ua U^nirnniuNp 
2Sf D. C. 

We faflvo exEimined tlie aoBJiclal BloEaniGiifta and Bch&dnSoiK OM In ttae 

Dccompanylug IndGXp of thn EmltliMmlaii IuBtitutloti relative to to private en- 
dowm^ot fuaOe aod glft^ (lint excludioa the National Gallery of Art and oUier 
deparllaetiU, bureaus, or opemtlona admlnlBtored by the loBtltutlca under 
F&deml approprSatlona) for the year ended Jtme cKH, 10o0. Our eTumbatloii wna 
made In accurdatce with genenilly aecepted auditing BtandardB, and accord' 
Lnjily Induded Boeh testa of tbo aecountlO:^ tlKr4‘jrdll a ad Bocli other nndltLng 
procedurefi na we eonaldered neces^ry In the cLrcnnisEaiieefl. 

The Inadtution malntoiDB Ita DcconntB on n eoak haaia and do^H not accrue 
Laeame and eXpooBes. Liand, bnlldlogs, fUralture, eiiulrmen-t, works of art^ living 
and other Bpedroena and cerUiu sundry property are not Inelndcd In the aecoimta 
of the InetltiEGoii- 

In nor opinion, the accompanjing nafluolal atatemeata present fairly the pogl- 
tloa of the private fuuds and the caeh and Inveotweuts thereof of the Smltli- 
sonlan ZnBtltodou at June 30, 1956 (exelndlDg the NaGono] Gnllory of Art and 
Other daparUnenLe, bureaus, or operatlonn admlnlatarei] by the Inatittitlon under 
Federal appraprlatlonB}, and the cash receipts and dleburBementa for the year 
then ended. In conformity with generally nceeptied aEwmitlng prlntidpleB applied 
on k bfisis conBistent with that of the preceding yeaVi 

t'CAT, MAftWicK, MrrcnzLL A Ca 

Respect fully ^bmitted 

Clarencb CaNXOJs' 

CAJirr- P. HASxJWa 

PoBEBI B. FlEMINO 

Executive Committee. 
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iLDVEETlSEMENT 


Thft object of the General ArraNDix to the Aimual Report of the 
k^mithsonian InMitntioD is to funush brief accounts of sciejitifie dis- 
covery iJi partiouliu* diractiona; rei> 0 Fts of investigation and explora¬ 
tions made by staff metnbcrs and collaborators of the Institution; and 
memoirs of a general character or on special topics that are of interest 
or value to the numerous correspondents of the InstitntioiL 
It has been a prominent object of the Board of Regents of the So^ith- 
sonian Institution from a very early date to enrich the annual report 
required of them by law witli memoirs illiistrating the more remark¬ 
able and important developments in physical and biological discovery^ 
as well aa ahowing tlie general character of die operations of the Insti¬ 
tution; and, during the greater port of its history^ this purpose has 
been carried out largely by the publication of such papers as would 
possess an interest to nil attracted by scientifie progress. 

In 1880j induced in part by the discontinuance of an annual sum¬ 
mary of progres whieh for SO years previously had been issued by 
well-known private publishing Hrma^ the Secretary had a series of 
abstracts prepared by oompotent collaborators, showing concisely the 
prominent features of recent scientific progress in astronomy, geology^ 
meteorology, physics^ chemistry, mineralogy^ bfstany, zoology, and 
anthropology^ This latter plan was continued, tho\jgh not altogether 
satisfactory, down to and including the year 1838. 

In the report of 18SD, a return was made to the earlier method of 
presenting a mbcellan€<»u3 selection of papers (some of them original) 
embracing a considerable range of scientific investigation and diEcus- 
sion. This method has been continued in the present report for 1956. 

Reprints of the various papers in the General Appendix may be 
obtained, as long as the supply laste, on request addressed to the Edi¬ 
torial and Publications Division, Smitlisonian Institution, Washing¬ 
ton 25, D. C, 
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The Edge of the Sun^ 


By Donaij> H. 

DiztcbiT, Uorvord C0Utst Obarvatary 
Pmae FfofeiiOr oj AEtr^nsmy, Harrar4 VTflVtnity 


[Wltb 4 iibtcB] 

If th^ trPLE of *11119 LEctr'Ki, *‘The Sdge of tlie SiiUj” percbance 
fiuggosts to you Rachel CarBon’a delightful book, “The Ed^ of the 
the resemblance is not purely coincidental. I chose the title de- 
hberatdy because of the many similarities that exist between the sun 
and sea. If any of you should (quibble that 1 use the word “edge*’ 
in a different sense thou did Miss Carsotif to indicate a boundary layer 
rather than a boundary liiiej let me refer you to WebateFj who approves 
the double usage. 

When I agreed almost nine months ago to give this lecture on the 
subject of “What’s New on the Sun,” I had no idea that the sun would 
be BO cooperative. As a result, much of what I would have told you 
tlicn has since been changed. Even in the several months that have 
elapsed since die lecture and the preparation of the dnal manuscript, 
solar activity has markedly increased. I have included some of the 
latest illustrations and have employed the iiiformation derived from 
them to help solve our basic problem: “What is die structure of the 
sun’s outer layers and how does solar activity originate?” 

Man’s interpretation of the sun has been undergoing a gradual evo- 
lution for thousands of years. We no longer look to the sun as a deity, 
nor do wo bring offerings to solar temples as a means of fioliciting his 
bounty. 

Wo recognize that the sun is a sphere of hot gas, whose vast output 
of light and heat comes from atomic energy, released deep in its core. 
The plVK^e&5 of atomic fusion tliat gives rise to the sun’s energy apticars 
to bo similar to that employed )ti our great H bombs : fusion of protons, 
the nuclei of hydrogen atoms. The energy so released in the sun’s 
interior 19 equal to that from a billion or so hydrogen bombs exploded 
every second. Tonight we ahall largely concern ourselves witli tlie 
profound effect that this energy has upon the sun’s outer layers, just 

’The twenty-tUtrd James Arthnr Lecture. bItcii muter the ntniptcea of the 
Smlthjionfnn InsUtutlan ApiU 20,1&S(L 

4lSGTD~St - la 21 fi 
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before it esco-pes from the surfat:^ nm] begins its long journey out into 
the depths of interstellar space* 

But if tlio joiu'ney ahead of the escaping radiation is long, its past 
history is by no means negligible* The radiation takes some 50 million 
years to worm its way slowly upwis.rd fronj its birthplace close to the 
snn’s center to the outer edge* A snail’s pace, indeed, for light, which 
could traverse that distance In two ai\d a half seconds if an enormous 
number of atoms did not bar its progress. 

Inside the sun, atoms are so closely packed that a speeding packet 
of light can travel only SO-millionths of an. inch or so, before it 

runs head-on into one of the waiting atoms, to be deflected into a new 
track and run Loto still another atom a quadrilliontb of a second later* 
In the face of so dense n traffic juiii, one wonders how the radiation 
could ever escape. But the outer layers of the buh are less dense tiian 
the inner layers. The radiation inevitably, if slowly, finds a path 
through the atomic maze, eventitaUy to escape completely. And so 
the sunlight that warms US today was born in atomic explosions that 
took place when dinosaurs and other prehistoric animals roiimcd the 
earth* These faetji enable us to draw ona basic conclusion; the sun is 
highly opaque to its radiation. 

Some scientists have speculated that the sun's well-known 11-year 
cycle, most clearly def>icted by the variation in numbers of sunspots, 
may in some way be ilue to a periodic fluctuation of heat production 
deep in the center, A pulsation of the entire aun every 11 years, for 
example, could change the output of energy. Com predion would heat 
the sun, increase the rate of atomic fusion, and result in the generation 
of more energy. However, the radiation takes 50,0170,000 years to es¬ 
cape and if only 11 years separate each pul^^e wc must find almost 
5 ,000,000 pulses still undemeatli the surface, separated by only 200 
yards or so on tlis average. A structure something like an onion with 
alternate layers of warmer and cooler gases might conceivably ensue. 

Such a structure could persist, however, only if the radiation Mowed 
directly outward. But we have already noted the roundabout path 
that the energy must pursue in order to reach the surface. The radia¬ 
tion mil la around and around, as if performing a dance whose roles 
rotjuire one to lake 009,000 billion stopB backward for eacli miHion 
IdUion steps forward. With such slow program, the hypotlietical 
onionlike layers completely disappear* The sun's interior must be 
drably uniform, except for the progressive decrease in temperature 
and density from core to wdge. And if this argument applie^s to the 
stin, it also applies to stars in general. Stellar variability, except for 
the rare extreme when a star suffers complete dfistruction hi a mxpar- 
explosion, can scarcely be more than skin deep. 

"We know that energy Ihiws fi-om ono place to another by one of 
three fundamental processes: Conduction through a solid, aa w'hen 
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the spfK^ri in a eofToe cup gets hot; convection^ circulnt.ion of warm 
and cool laym of g?a.s; and radiation^ the How of light weaves or heat 
waves through space that may or may not contain matter. 

Pi'ior to about 1000* astronomerg generally suppo^d that convec¬ 
tion wjistlie major process controlling flow of eiiergyj with heated gas 
rising and extol gas descendingj as in the earth^a atmosphere* For 
convection to oc-^ur^ however, some very special conditions must bo 
fullUled. 

Imagine a balloon—a weightless balloon—filled with air. I hold 
one here in my hands, though yon cannot see it, of course^ Iiecause 
it is invisible. The temperature and pressm-e are the same as in the 
surrounding air. If I release the bdloon, therefoi-ej it shows no tend¬ 
ency to rijscorfalh 

But let me lift this balloon a few feet. Air pressure up here 
is somewhat less than wlicrc ihc balloon was originally. And so the 
balloon must expand slightly to equalize the external pressure. The 
invisible, weightless fikin of Uio balloon holds the gas together. As 
the balloon expands, the air inside it must cool. We now menanra the 
outside temperature to see if it is higher than, equal to, or Ic^ than 
that inside the balloon. If the balloon is colder than its surroundings, 
the air m^lde is denser and heavier. The balloon tends to fall back to 
its original position. If the two temperatures ara equal, the balloon, 
witli weightless skin, tends to stay in its new position. Ilow'ever, 
if the balloon is hotter than its surroundings, the air inside wtU be 
lighter tlian the air outside* The balloon will tend to rise faster and 
faster^ as long as tin a W'Uidition persists, A true hot-air balloon! 

On cEirth, the air around m b usually full of these rking and 
falling invisible balloons. Of course I use the word “balloons” in a 
figurative sense, because the gas really does not possess the “iniTsihle, 
weightless skin’^ I postulated. But this absence of an envelope does 
not significantly eliange the picture. Volumes of gas will rise or fall, 
whether they a re enclosed or not* The risi ng ni ju^ts are tlie ^ - Lbemaals^^ 
used by birds or human pilot? of gliders to soar to great heights. The 
vast sea of air can be very bumpy—^as many air travelers m^lize when 
a rising or falling blast of air may tip even a large plane. 

Although we do not see the thermiils in the lower atmosphere, w'e 
often can aeo I heir upper bt>uudurjes, where tlie rising gaa Iuxb cooled 
so nmoli that water viipor begins to condense and form a cloud. As 
a matter of fact, the condensation process suppHea new heat to the 
rising gas—lights a fire in the balloon, figuratively speaking. And so 
the gas ascends even more violently than before, like the Chines “Fire 
Balloons” that used to climax our Fourth of July celebrations. 
Clouds, therefore, can bo violently turbulent, which iss why pilots, 
especially of small planes, try to avoid them in flight* And you will 


218 AKWtTAli EILPORT SMITHSONIAN INSTminON, IflSfl 

note thitt the atmosphere above the clouds leiidg to be emootb. Ko 
more ballooDs or therm ds. No oiorc '^eonYection,” as we torm tlxe 
risiD" find falling of air. Tiie “balloons" have reached a sailing where 
the air above is quiet and stable. 

I ask you to bear with me a moment longeij while I discuss the 
horizontal flow of air maEses. The sun heats the eartii^s atmosphere, 
ae the earth turns on axis, lite a roast on a stpiL The heating is 
greatest near tlie equator and tJie gas will rise in that area, allowing 
the cooler air from die pole^ to flovr iu and take its place. The phe¬ 
nomena of weather and attnospheric circulation are very complex. 
But the basic flow- comes from absorbed solar heat^ with forces of the 
earth^s rotation playing an important part. 

And so, in the vast sea of air, we find not only violent streams of 
vertical turbulence, but also ^^treaius and patterns of horizontal flow. 
Tliese include tornadt>cs and huiTicaues and the over all pattern of 
cyclonic weadier^ 

But what has this sea of terrestrial air to do with the solor 
utmosixheref Ever since man started to observe the sun, astronomers 
have employed analogy with the earth’s atniusphcre as a means of 
interpreting solar phonomeno. Galileo hiuisclf, discoverer of sun- 
spots, suggested that the dark areas were clouds of a sort, floating iu 
the sun^s atmosphere and carried across the disk by simple rotation. 
Iu tliis view, elementary as it was, Galileo was far nearer the tmth 
than were many of his successors. He at lea^ recognized the atmoa* 
ph^rie uaturei of the phenomena, Lakndc, for example, auggvated 
that spots were cold mountain peaks, towering above the luminous 
surface. And even tJie great William Herschej, again influenced by 
analogy and his preconceptions, regarded spots as holes in the fiery, 
luminous clouds, tJirough w'hich we could glimpse die cool surface 
beneath. 

In IT^ Herschd wrote: 

The fmn - * . to he thoji a verj emln€mt, lar^e, and Inrld 

planet, cTiUentlr tbe flrsi or, in i?trSetness of ppeahln^;, the onliy^ primarj odc of 
pur ajpatem ; Oil others beliig eeeoDiiiirj te LL Its aUnflarEty to the other globe# 
of the sultr isjmm. with reKftrd to it# soUdity, Us atmosphere, acd Its dJversified 
sarfaoo; the rotation upon Its nxh, and the fall of heavv bodies, lead us ou to 
sDppoee that It Is also most prpbnbJj iuhahUed, Ilka ihe rest of the planetB, by 
belu^ whose orgims are adapted to ( he jieeaUar cltmimptancaa of tbut vaat ^lobo. 

Peculiar indeed, in the light of moilern knowledge! Even in the 
rolatively cool solar atmosphere, the temperature ia so high that all 
rhcmlcal substances are vaporized. 

But even if Meii^chel proposed a view that wo cannot accept today, 
he did recognize the importance of circulation in maintaining the 
physical state of the solar atmosphere. His theory was uot idio specu* 
lation. He visualized the presence of violent winds and suggested 
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that tlie “ltiminou3 d^ompositioiis” responsible for the light “most 
nnavoldiihly be attended with ^reat agitations^ such as with ns might 
tvm he called hurricanes.” Herschel postiiJated the raistence of 
“ompyreal gas,” an unstable substaiice whose decomposition produced 
the solar radiation. Rxcess generation of this substance would lead 
to instabilities of the sun*s atmosphere. The gas would burst tSoI ently 
through the intermediate regiona, causing o|>eriiiigs and sunspots and 
generally promoting *^maintenanoe of the general luminous 
phenomena.” 

Many years later, John Herschel proposed an altematiYe tlieory of 
sunspots in tcnris of a generul circulation of the solar atmosphere. He 
knew that terrestrial hurricanes and cylones owe their existence to 
tompeFuture ^li derences between pole and equator, 03 I have already 
noted. He argued that the centrifugal force of trstatiori would cause 
the sun to bulge at the equator and thickeii the atmosphere. Since 
Herschel believed that solar radiation originated in the outer layers, 
his argument indicated an atmosphere hotter at the equator than at 
the poles* Thus one w-ould expect strong horizontal driTing forces, m 
in the terrestrial atmosphere. The sunspots were to bo hurricanes, 
holes cut by the whirlwind tliat exposed tlie cooler layers below, 

C. A, Young, of Princeton, noted that any existing temperature 
didereiice should in reality occur in the reverse sense. The poles 
should be hotter than the equator because they are nearer the center 
uf the eun. He pointed out that the effect must be insensible, how¬ 
ever, since there is no deteetablo difference in brightness between the 
polar and equatorial limbs of the sun. Tlie spots showetl no “system¬ 
atic drift north or sontli as solar trade-winds would neceasarily 
produco.” 

Faye and Secchi rejected the horizontal-circulation theory and ind^ 
pendently suggested Oiiit spots resulted from gases flowing outivard 
under internal pressure* The proponents of tliis bypothesLs withdrew 
it when they became convinced that the spectrum of superheated gas 
should show etniiision lines rather than the afisorption spectrum charac¬ 
teristic of spots. The argument is actually fallacious, though it ap- 
l^eared to be sound at the time. 

Hale’S discovery in 1914 that sunspots possess powerful magnetic 
flelds played an important part in the formulation of our theories. It 
was immediately apparent that tins magnetism must arLse from circu¬ 
lating electric currents. And, for some obscure reason, sdentisla con¬ 
cluded that these currents could come into being only if the matter 
it!5elf were ciioulating. In otiier words, astronomers revived the 
concept of eumqiots as vortices. Practically every hook on the sun 
written since that time and eveiy textbook on astronomy refera to 
sunspots as *"atonny areas,” in every sense analogous to terr^rial 
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cyclones. On eartli, n cyclone is li region of Iotv pressut^e into wliieb 
the STn-ronnclin^ gases are expanding, subject to adbibatic cooling- 
A]sOj cyclones are vorticea, which derive their motion from the Coriolis 
force of the earth^a rotatipo. Thus^ astronomers wei^e in eiTcct going 
Lack to tlie "'“trade-wind” hypotliesis for sunspot origin, despite tlie 
Jack of evidence for differential tem|>eratiire between pole and equator 
to serve as a driving mechanism. There was, perhaps, the pioos hope 
that the sun^s well-^own cqimtorial acceleration might in some way 
atliieve the desired result. 

The vortex lijpothcsis ran hi to ^ gnon.! many olj^.aelea and Hale 
himself wtis well aware of them, Tlie discovery that sunspot groups 
in the northern and Eouthctri hcnhapberea switched their polarities 
from one cycle to tlie nest wns a serious complication* On earth, 
cyclonic uiotion h coiinter^^lockwiBe in the Northern Hemisphere and 
clockwise in the Southern. Since the direction of the carth^s rotation 
fixes the sign of the Coriolis force we could not po??sibly get a reversal 
of dii‘ecliorts in the terrestrial iitmosphere. Hence, if tlic samo forces 
i^’ere responsible for the solar vortice?^ and if the vortex wer^j respon- 
tijble in turn for the magnetii^m, why shonhi we exi:Fect the revei'sal? 
Hale son gilt to show that the dlm-itions of the whirls in the upper 
atmosphere were invar in id, but neither the observations nor the argu¬ 
ment ^rere convincing. 

Bjkernes proposed an ad hoc model, in which the son contained 
four douglmut-shaped vortices below the surffioe, tw^o in each hemi¬ 
sphere, Each pair of vortices rotated in a different direction and also 
rotated around each other, the outermost vortex moving toward flie 
equator while the other sank and moved poleward through the hole 
in the outer dougliniit. This picture accoimtetl satisfactorily for the 
reversal if the direction of vortex rotation detennined the polarity* 

Application of the rein lively new scieiH'e mllgnetohyd^o^l vnamics 
casts new light on tlie nature of highly ionised gases in the pre^noe 
of a magnetic held. A gas^ sufficiently hot so tJiat the elctdrrjns have 
been tom froni most of its component atoms, is highly conductive to 
electricity. The magnetic fields affiociated witli any elcdric currents 
that may be pn^rnt impart to the gas a certain amount of rigidity^ as 
if the material were semisolid. Biermann has pointed out that con¬ 
vection has a hard tima getting started in such a gas. The atoms can 
flow up and down, to a certain extent, parallel to the lines of force. 
But we cannot expect the violent ttirbulcnce ordinarily associated with 
strong convection. We must, tlierefore, completely Va vise onr ideas 
about sunspots. They are not storm areas. Tliey are, in fact, quite 
the reverse: islands of intense calm floating in the otherwise turbulent 
sea of the sun’s entire convective atmosphere. 

1 dlscijs^ged enrlior the general nature of convective motion and 
pointed out. in particular, that the presence of water vapor m the 
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eftJiL’s atmosphere etihiUicGS eoiiTection becEuise (he condensation of 
water viipor heats the gas, putting back into it tlio calories tliat went 
to cool the ait when the water evaporated. 

Ko water exists in the sun’s atmosphere, of course. But Unsold 
showetl some time ago that a coniphjtely analogous process tokos place 
there—^ionization of hydrogen, Since liydrogen is by far the most 
abundant constituent of the sun’s atmospheie, and since most of this 
gas is completely ionized at the lower levels, a large bubble, cooling 
as it ris^ would eventually become nmitral. As the electrons recom¬ 
bine with their ions, tJiey release a birge quantity of energy which 
can be used for heating the rising gas* Tlie convection can be extieme. 

Tlio shining surface of the sun, the part not affected by sunspots, is 
by no means uniformly bright It contains many bright Hecks on n 
slightly darker background, spots that look like fomti-capped waves 
on a tftormy sea. We have generally refereed to ihle structure as 
‘'granulation.” The granules are -W miles or so across on the averugOt 
with considerable variation in size. In the neighborhood of sunspots 
they are much coarser, if indeed llie bright stiucture we can see con 
properly be called granules. Kear the limb of the sun, where we arc 
looking tangentially down to the solar atmosphere and hence see the 
higher layers, lorge brightened patches with a veined structure talcc 
the place of the relatively simple granulation. Tliese arc tlte so-called 
faculae. 

Astronomers were lirat inclined to regard this grjmuiar pattern as 
aiiaing in some sort of convection, But this theory gradually gave 
way to the idea that the white spots were clouds of a solid material, 
floating in the gas and appearing more luminous because of their 
higher etnissivity, like a gas mantle heated to incandescence. We 
had to abandon this second hypothesis and revert to the earlier view 
when we fomid tliat the solar temporatnre was too lilgh to permit 
the presence of either liquid or solid matter. 

Astronomers have long discussed the mode employed by the sun 
for the escai^o of energy from the deep interior. Initially, they took 
for grented tiuit. convection was the whole mechanism and the early 
theories of stellar constitution were devised on that hypothesis. But 
around the turn of the century, Schuster, K. Schwarzciuld, and others 
showed that radiative processes would dominate, with tlio atmosiihere 
in stable equilibrium. But they reckoned w'itliout knowledge of the 
effect that hydrogen ionization would have on the equilibrium, and 
It remained for Unsold to demonstrate the importance of the hydro- 
geo couvective zone in stellar structm^. The turbulent convection 
serves to bring the hottei- layers closser to the surfooe tlmii tliey would 
have been in simple radiative equilibrium. We do not know pre¬ 
cisely how deep the outer convective layer extends, because small 
changes in the initial assumptions can lead to great differences far 
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below tbe solar surface. The turbulant layers mary involve as much 
as the outer 10 percent of the solar radius. 

We are now in a position t<) undei^tsnd the darkn^ of the spot 
relative to the sunounding photosphere. The answer is extremely 
simple. In a region whona magnetism lias not inhibited convection^ 
the outer layers are hotter than they would be otherwifie. They are^ 
consequently, more luminouii than the spots, where convection does 
not occur. In the region Immediately surrounding the spots, the 
convective layer must rise higher and indeed may even penetrate the 
photosphere-, since rising currents of hot gas must carry outward the 
extra energy that the cooler spot cannot transport from the solar 
interior by radiative transfer. 

One may speculate what the phj^ical state of the sun would be if 
a magnede field strong enough to inhihit convection through the 
entire solar atmosphere should suddenly come into existence. In the 
absence of convection, energy transport would have to depend on 
the less efficient radiative pitjcesses. Tlio temperature of th^ photo- 
spheric layer of the sun would oool by at leasrt- 2,000 degrees, to a 
value approximating that of a sunspot. Indeed, under such condi- 
tienSj wa could describe the solar surface eta consisting of a single 
spot. With the effectivo solar temperature reduced to about two- 
thirds of its normal value, the tottil amount of energy radiated, which 
varies as the fourth power of ^he temperature, would decline to about 
20 percent of its present value. 

We have previously noted that radiation takes some 50^000,000 yeara 
to leak out from the core. By the same argument-j a change in the 
sun^a external layers could not have any mimediate effecit on the solar 
interior, which would continue to generate energy at its present rate. 
The accumulated radiation inside the sun would cause it to swell 
gradually until, Mma tens of millions of years hence, the increased 
surface axea could compensate for the lowered radiation Rux. Even 
a small e;ipatisiou, howevefi would cause marked changes in the rate 
of energy production and we cannot foretell whether eqiiilibriuni will 
occur or not. 

The greatest immediate effect would occur in the sun'^ outer layers, 
esi>ecially those now in convective equilibrium. Since these layei^ 
contain only a relatively small amotint of heat we should expect their 
configunition to change in tens of years rather than in millions. The 
solar atmosphere would expafid and alter the tem|>crature dist.ribiltion 
aimultaneously to values consistent with the surds present total output 
of energy. Altlioiigh such a model is extreme for the sun, it might 
apply with some changes to certain types of stars, notably the long- 
period and Cepheid variables. Possibly no static state will exist and 
the di^nded atmosphere will oscillate between maxiinnm and mini' 
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mum |>o&itioDa to make the average flux equal to the rate of energy 
generation deep in tlie interior. 

Tn the photospheric and subpliotospheric layers^ the solar atmos¬ 
phere may he qtiite turbulent^ thoagh the convective flow h not par- 
ticiilarly rapid. The rising hot gas al terg the t™ peratnre d Lstribut ion, 
bnt kinetic energy of the convective matter doea not appreciably 
affect the atmosphere. At higher levehr, howevery marked chaDges 
occur in the character of the convection. The speetl of flow increase? 
as the bubbles expand into regions of lower density, until the gas 
moves with a speed equal to or even greater than that of stmnd in 
the medium. Intense shock waves may then occur. The gas becomes 
hot as the kinetic energy of the moving donds gradually dixsipates 
into random motions of individual atoms. This enhancment of con¬ 
vection explains why the chromosphere^ the layer immediately over- 
lying tile photosphere, is so jagged and rouglq consisting of rapid]}- 
changing jets and spicuks. Motion pictures, taken by Richard Dunn 
at Sacramento Peak Observatory, clearly demonstrate the violence of 
activity in these outer layers, and Rich aid Thomas has studied the 
heating effect of the Jets. 

The chromosphei^, which until recently could be studied only at 
tho time of total solar edipse, presented the astronomer with many 
interesting problems^ Of particular significance was the appearance 
of lines of ionized helium in the sj^ectrum, radiation requiring ex¬ 
tremely high Bicitation. At the same time the intensity of radiation 
from neutral and ionized metals suggested a somewlmt lower tem¬ 
perature. The answer now Iftjcomess clear. Wo actually encounter a 
wide range of excitation which varies according to the amount of 
heating provided by the shock wave. The feet that tlie excitation 
appears to increase upward is thua consistent with this new view. As¬ 
tronomers were originally very much coiicerned to find that t he up|jer 
chromosphere had temperatures ranging up to 95,000* C. or more 
when tlie effective surface tempemture of the sun was only 6,000®, 
Astronomers contributing to these recent advances include Athay, 
Peerkc-T, Tlionias, Zirin, and Menzeh 

The concept of a dynamic solar atmosphere now extends to the 
corona as well as the chromosphere. There are a few unsolved prob¬ 
lems, iiowever, chiefly the observed feet that motions of coronal gas 
appear to be slower than those in tieighhoring prominences. Ap¬ 
parently the corona derives some of its support from the sun^s geneml 
magnetic fieicL To derive such support, material must be shot out 
from the sun at very high speedsL The observed coronal tcmJ^era- 
tures, derived from widths of the corona! lines, are at least 1,(MO,000® 
and in some regions as high as 5,OOOjOCW. 

The idea recently suggested by S. Chapman, that the corona may 
extend even beyond the earth, is particularly appealiag after one 


224 AMNUAL REPORT EMErHSONlAN IKSTETOTION, 1856 

accepts the startling concept that we lie below the edge of the «un. 
But Cliapman gora even further and suggests that the conduction of 
heat from the solar surface through the corona cannot be neglKited and 
that perhaps our ionosphere derives some of its high tenipersiture from 
direct tliennal contact with the corona through which the earth is 
moving. Shock waves may even be able to traverse the entire distnuce 
between the sun and the ooroiiu. On contact with the earth, the wave 
could distort the earth’s magnetic field, ]>roducing ionospheric and 
mttgnetic storms, as well as cert ain types of auroral phenomeirn, 

But let 113 return to the more important “edge’* of the sun. defined 
fay the photosphere and chtonioaphere and other visible appendages 
of tho solar neighborhood. Around sunspots and also around other 
areas that presumably have intense magnetic fields associated with 
them, we observe i ncreased activi ty. IVe somet i mes see miit ter ejected, 
usually in the form of surges. In all probability additional surges 
occur that are invisible to us in the hydi*ogcn radiations wo ordinarily 
employ for observation. The mere fact that we obseiwe incre matter 
falling back toward tho solar surface than we do leaving the sun 
clearly indicates that eome of the material must go up invisibly, prob¬ 
ably in a stage of high temperature and high excitation. 

Several dilferent processes are undoubtedly respanaible for tlie ejec¬ 
tion of the material as well as for the form and structure of down- 
falling masses. As I Lave already indicated, the hydrogen convec¬ 
tive KOI 10 , especially with the activity enhanced in the neighborhood 
of magnetic fields, is a niajor force. But the electric currants responsi¬ 
ble for such fields probably give a marked awlst. AJthongli the mag¬ 
net ohydrodynainics of the situation are too complicated ^r detailed 
calculation, argument bssed on simple engineering models rei'eala 
that tho plectromagneLic forces are ample to eject material, The forces 
acting on the simplest of all configurations, a single loop of current, 
are well known. The loop tends to expand indefinitely in radius, and 
the diameter of the currant-carrying wire tends to diminish, if the 
wire sboi i Id happen to be compressi blei. 

In t he solar atmosphere, of course, nn solid wires exist. The cur- 
renla are f reo to move and change their position. However, hs Cowling 
pointeil out long ago, the strength of the currents and the slzo of 
the currentHEarrjung elements indicate that magnetic fields will not 
change rapidly in the solar atmospliere. A sunspot, for example must 
have nn electric current of amperes circulating about it,’ We 

cannot break such a current arbitrarily in leas than thousands of years. 
A magnetic field may be transported from one place to another in the 
highly conductive volume, but it can scarcely arise spontaneously 
excerpt: in rare instanees^ 

Tlie physical nut lire of cXTtain forms of prominence presents an in- 
tere-st ing puzzle. Downward-tn ovj ng gua snd denJy become viaible 
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at a t*ert*m height ftnd brt‘'i]k up into knots or strcameris, os it flows 
toward the solar surface. Sucli bd obsersiiMon implies that the hot, 
coronal matter sttiJrlenlj became cooler or at least denser, so that the 
hydJ'ofjeu ions could m-oinbine with the electrons and tiing radiate the 
chaiacteriatic spectrum of neutral liydrogen. In the hot, tenuous 
corous, recombination goes on at a negligible rate. 

The so-called loop pioininences, which constitute a diatinctiTe class, 
present a rery special pmlilem. Employing motion-picture photog¬ 
raphy, we hare frequently reccu-ded the life history of the loop.^, Al- 
tliough some Tariatjons occur, they gtinerally start us an exceptionally 
hrilliant point well abore the solar surface and then grow downivaid 
on both sides, often altnining the daswling brilliance of n solar flare. 
On occasion, several loops may form and grow almost simultaneously. 
'I’ho total developmeut is generally rapid, of the order of two or thret' 
minutes. As the loop fades in brightness, knots or lumps form and 
tend to flow downw'ard along both sides, Although (he loop maintains 
its shape, tlic lumps continue to fomt mysteriously aukl descend in 
regular procession. The downward flow njay lost for an hour or 
longer. Tho surprising thing is that we do not see nnutcrial dowJng 
into the loop. 

I have devised an ad hoc explanation of the phenomenon. Suppose 
that convection, turbulence, or some associated activity has blown into 
the corona not only matorinl from tlie rim of a sunspot but also some 
of tho associated electric currente. We expert the pinch effect to 
operate as previously described, sweeping mutcrial in toward the axis 
of the current. Increased pressure causes ions and electrons to 1 * 00010 - 
bine. Tlie simple pinch Is unstable, however. As it develojia, the 
central core tends to bi-eak into separate lumps, something like a 
string of sausages. Gravitation probably has little or no effect. The 
force of the pinch stiuee^es the material downwai-d toward the sun, 
where the pinch is weakest. The pmcli continues until finally .all the 
current in Uie region has united, s^veeping up the involved ionized 
gasL 

It is significant, 1 tliink, that fusisy loops show up in the hot corona, 
associated with the sharp loops of the cooler hydrogen emisaions. 

A magnetic held can also act as a mechanism for ejecting matter 
under certain conditions. It ia w'eU known tliat any conductor, giinb 
as ahtminum or copper, introfluccd into a magnetic field, experiences 
a resistance. The force originates because (die field does not pene¬ 
trate tlie conductor, wherein surface currents must be induced. If tJie 
piece of metal, so introduced, is later released, it will fly out. In cer¬ 
tain regions of the sun’s atmosphere, per Imps near tlie poles or in the 
borders of spots, where a weak field cannot completely inJubit convec¬ 
tion, lumps of ionized gas may become separated from tlie field, whose 
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Vinca of magnetiD foiitje will squewo tha mass and eject it into apace. T 
have called this of action the “watermelon-seed effect,” because 
the ejected lump is something like a slippei^ watermelon seed held 
between the fingers and squeezed. Note especially that the imparted 
velocity may be many times greater than that of the moving ^geta. 
In the case of the sun, the resultant jet may very well be supersonic. 

The magnetic fields of the sun must exert a profound effect on the 
flow of gas througli the corona and prominences. In regions of low 
density and strong field, the material will generally be constrained to 
move along the lines of force. But in regions where the density ts 
higher, the ionized gas will sweep the lilies of force along with it. 
Thus the contention made by some astronomers that the flow patterns 
of prominences provide a map of tJie solar magnetic field is not gener¬ 
ally true. Often, as for tlie loop prominenoes de^rlbed above, the 
flow ia along the lines of current rather than of magnetic force. 

From time to time w'e observe, usually near sunspots, areas that 
shine particularly brilliantly m the light of hydrogen. The physical 
nature of such eruptions has been the subject of discussion for a long 
time. Observation shows that tire flares usually start as one or more 
brilliant poinLs of light, growing rapidly to delineate a veined net¬ 
work, which is apparently merely an enhancement of the characteristic 
reticular structure that eitisted before tlie outburst. AUiiough con¬ 
vection moy have been responsible for the initial ejection of heated 
gases, the growth from bright points into linear structures strongly 
®"ggt3t® that flares seen against the disk are loop prominences seen 
at the limb. In fact, the most famous of all flares, which occurred on 
September 1,1850, clearly suggests such an association. 

Two independent observers, Carrington and Hodgson, slriiultane- 
oiisly saw two brilliant points of light appear within an active sunspot 
group they were sketching. According to the former observer, the 
spots rapidly developed into the shape of a crescent. These observa¬ 
tions were in white 1 ight, not in H«, Hence the flares ninst- have been 
extremely intciiHe. Their surface biightness, acconling to estimates, 
was at least five or sbt times that of the neigblioring photosphere. 
Within five minutes the outburst had disappeared. There is no doubt 
in my mind that tlio ^‘crescents'* reported vfere loop prominences seen 
from abova Hower er, even though the flare itself represents a rela¬ 
tively stationary phenomenon in the solar atmosphere, extending its 
growth by propagation along definite paths, observation mdicates 
that some imterial may be ejected. Dark absorbing clouds, often 
moving at high speeds, have been seen to accompany flares. It is too 
early to aay, however, whether this represents an effect of the flare as 
such or is merely an outlying portion of the ejected matter that wa-i 
later condensed to form the flare. In certain instances we have idea- 
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dfied surg^ seen at the limb a3 true flares, so that the flare m by no 
means restricted to the loop form. 

I wish to point out tliat a tiew technique is rapidly contribiiting 
knowledge about the sun and solar activity: the so-called field of radio 
aatronomy. Time and apace do not permit detailed discussion of the 
phenomenon. However^ it is certain, timt simultaneous optical and 
radio observations will give important mformation about solar ac¬ 
tivity at various levels in the sun^s ntmospherej especially since the 
lower frequencies can e^ape only from the higher, more tenuous 
coronal regions^ We are still finding out important facta and con¬ 
clude that the edge of the sun well deserves the attention that scien- 
tiata are curtentTy devoting to this subfech 
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The Mystery of Mars 


By H. R Wilkins, F. R. A. S. 

IniematiBnal LiOUff Soc£ct;f 
Landim 


LWlth 2 pUtefl] 

IVIarb id preeminently the planet, of mystery* Because it is farther 
from the ^un than the earth, it takes longer to complete a resolution, 
and every two yeai^ we overtake it^ when it shinea in the sky ^ a 
bright red star. The red color^ suggestive of war and carnage, was 
the reason why the natiie of Mars, the Roman god of war, was attached 
to tWa planet- Tho red color of Mars contmsts strangely with the pure 
white of Venus or the silvery luster of Jupiter and is too pronounced 
for anybody to mistake it. 

Although to the unaided eye Mars seems merely a bright star, 
a good telescope reveals it as a small fid! moon, that is to say, we can 
see the face or disk of thiis little world. We say ‘^Uttle’^ because iLirs 
is much smaller than the earth, being in fact only miles iu diam¬ 
eter. A telescope shows ccriain markings ori the disk, and they move 
in the course of an hour or two, which proves that Mara turns on its 
axis and has days and nights just as we do, although they are longer. 
Instead of turning around once every 24 hours as the earth does, ilars 
requires an e^tra 37 minutes 22.654 seconds, so that although a smaller 
world it does not spin i-oimd so quickly. 

Mars has seasons similar to those of the earth but much longer. 
They are also more pronounced, because the moan or average distance 
of Mars is 48.6 millions of miles farther from the sun than that of the 
earth. From Mars the sun must look smaller, and gives out a pro¬ 
portionally smaller amount of light, and heat ; we would expect Mars 
to be a colder world. Mnra has an atmosphere, but it is much more 
rarefied than onra, and it seams safe to say that we would not be able 
to breatlie it because of the deficiency of oxygen, most of which seems 
to have lieen absorbed in chemical combination with the am-faco rocks- 

Wlien Mars is comparatively near to us it makes a beautiful piefuro 
in a really good relcscope. At such times we see a ydlowish-red disk, 
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generally with a gleaming whito spot at tlxe top and sometimea at the 
bottom as wdly while on the otherwise red background atio grayish 
patches. If the telescope is a very large one, we may also see two 
specks of lightp like small stars* moving rapidly around the planet; 
these are ita two moons or satellites* 

But whiit makes Mars the most interesting of all the planeta is not 
ita appearance as seen at any time with a telewopo, hut the changes 
which often take place there. Thq white spots at the top and the 
bottom mark the north and south poles of Mara. We know that our 
polar regions are distinguished for their low temperatures and de¬ 
posits of ico and snow. Seen from space, from the moon, or from 
Mars* the earth would haFe gleaming white spots at the top and at 
the bottom, just as we see on Mars. It is generally beheved that these 
white patches at the poles of Mars arc deposits of ice and snow, but 
they also partly consist of high cirrus clouda. We know^ this because 
in photographs of Mars token in infrared light, which penetrates to 
the surface, these patches are smaller than as seen in the telescope or 
on photographs tikken in idtraTiolet light, which show only the higher- 
level featured. 

Confirmation of the belief that Mars has true polar caps is given 
by the fact that they are largest in tbe winter time on Mars* begin 
to dwindle as spring comes on, and are smallest in summer. The cap 
at the south pole has even been known to disappear altogether, which 
never happetia with the northern one. This is easily understood be¬ 
cause when it is summer in the aoutlieiTi hemiifphere Mars is nearest 
to the Sun, aiul therefore receiveg the maTtitnum amount of heat. It is, 
however, strange that while the pole is at the center of the northern 
cap, the south pole h 180 miles away from the center of the southern 
cap. 

The grayish patches on the disk are permanent features, and for 
a long time were believed to be seas, because water reflects tho sunlight 
less strongly than the land* It is now known tliat these patches arc 
not seas, although they may onoo have t)eeri so. They are faint m 
the winter time, but darken as spring gives way to summer, that is to 
.say, as the polar caps melt and the ice and snow are converted into 
water. This suggests that water has something to do with the darken¬ 
ing, and the consensus is that tho dark areas are tracts of vegetation. 
Wliat this is, whether the vegetation condsts of plants, shrubs, or 
trees, wo cannot say; we only know that it is vegetation of eonie sort- 

Tlicse grayish patches are more numeroua in the southern than in 
the northern hemkphere, and encircle tlie south pole. Many of tliem 
run into or join up with each other, but there are isolated patches. 

The remaining parts of the disk are uniform yellowish-trf and are 
almost certainly sandy deserts. Indeed Mara appears to be a world 
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on which there is Tepy Little water, most of it being locked up in the 
polar caps. But how does the water released by tlie tnelting of the 
pokr caps reach the grayish patebes, as it to all appearances does? 

It was in 1S7T that Mars made one of its close approadies to the 
earth, and modem study of the planet dates from that year. One 
spectacular discovery was that of its two satellites hy Asaph Hall 
with what was tlioti the largest refracting telescope in the world, of 36 
inches in aperture. While this discovery came from America, another 
came from Italy, where Signor Schiaparelli, using a telescope of &% 
inches in apertnre, found a number of straight and narrow lines which 
he called cnnali, the Italian word for chann els . This was translated 
into English as canals, and for the first time the world heard of the 
famous canals on Mars. 

For many years nobody else succeeded in seeing the canals, and they 
were put down to Schiapatelli's imagination but gradually tliey wore 
confirmed by other observers with larger telescopes. In 1^4 an 
American amateur, I^of. Percival Lowell ^ built his own observa¬ 
tory at Flagstaff in Arizona, and equipped it with a fine'quality 24- 
inch refracting telescope for obserring the planets, in particular liars. 
Professor Lowell’s results were of the highest interest, and some of 
them were very startling, although scientific men liave not accepted 
them in their entirety. 

Professor LoweU believed that Mars is a drying-np world, where 
every drop of water is precious. The inhabitants were in a sore pi igbt ; 
they had to culLLvate crops, and the only water available was that in 
the polar caps. There was only one thing to do. Tlia inhnbitantg be¬ 
came one community, and constructed a vast network of channels for 
the water to be eonveyed from tiie polar caps to the regions where it 
is needed, which are the patches of vegetation* Since open canals 
would be wasteful and the loss by evaporation enormous, the canab 
must be covered, and it would be necessary for the water to be helped, 
for instance, by pumping, in its world-wude journey. FinaJIy certain 
clnrk spots, occasionally found at the spots where one canal crosses 
another, were considered by Professor Lowell as the centers of civili¬ 
zation, the cities of Mars. Lowell implied that the Martians were 
engineers, and that the canals were artificial w^aterways dug by them 
in on attempt to preserve the racs in its light against, the encroachiug 
desert. 

Tliis fascinating idea captures tl^e imagination, for if true it means 
that WB see on Mars murkirigs made by an alien but intelligent race. 
In order to distinguiali one spot from another, and to compare draw¬ 
ings made by different observers, names have been given to fhe various 
fepots, the principal ones being shown on the chart, which is on a 
cylindrical projection. A glance at the map (pL 2) will show that zero 
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Inngitucle, the Greenwich meridian of Mnrs, peases through a dark 
marking shaped like the open beak of a bitd, To the left of this is a 
large, dark anti tapering marking, one of the most prominent of the 
dark patches believed to be vegetation. This is called the Srnns 
Majoq. From its tip there runs a wide canal, XiLua, which curves 
round to a dark dot known ag Gol-o! PALns. Another canal 
IfEHENTitiM, curves from the loft side of Syrtta Major, passes u round 
spot called T.tvccs Mcebis and ends in another spot, Tiuton Lacus, 
Although the Syi'tia ^fajor is always there, its shape varies from time 
to time. SoTnetimes it has a long, pointed tip; at other times, as in 
1922, the tip is missing, while wMte patches have been seen hiding a 
good deal of the Syrtis for a few weeks. These temporary white 
patches are certainly clouds, and they are often seen over those parts 
of Claris on which tlie sun is just rising, as though they form during 
tlie night. The canals from Syrtis also vary a good deal in tint, while 
Lacus Mceria, which on LowelJ^s theory would be a Martian city, is 
sometimes small and faint while ut others it is lorge and dark, pre¬ 
sumably according to the amount of water available. 

The curved edge of Syrtis Major ends at a smalj round spot, Syrtts 
hfi'KOR, about vi'Iiich is a dark streak called Mare TYimHEaruM, On 
its left is another but larger patch, Mabe CiarnKRtcMi, to winch many 
canals run. The area to the left of Syrtis Major and north of 
Tyrrlienum and Cinunerium ia desert, a sandy waste, in the center of 
which is onotiier round and dark spot, called TariTUM Cjiaroktis. 
This spot is peculiar becanso occasionally it bef^iines two separate 
spots, which after n time reunite. If Tririum ia a Martiitn city it ia 
situated in a very queer place, right in the middle of the desert. Two 
Canals, one called Srvx and the other IlAruiS, connect t.hia desert spot 
with oUier canals running up to tlio north pole, and the water apiaeai'S 
to travel along them all the way from tfie polar cap to Trivium in 12 
degh'ees north latitude. 

Still farther to the left, or east, is another dark streak, Mawf 
Siren fM, on the opposite side of Mars to Syrtis Major, surrounded 
by desert. East of this is a large light area, in the middle of which ia 
a dark patch from which canals radiate. This spot ia sometimes called 
the “Eye of Mars” because it looks just like an eye; its proper name 
is liACCS Solis, or the ‘*Lake of the Sun." To the south of all these 
dark areas is a largo dusky spot, extending up to tlie snows around the 
south pole and called Make Adbtrale, or the “Southern Sea.” Hera 
and there area kind of bright islands, such as Hnjjia and the Tiifles. 
Between the zero meridian and the Eye of Mara is a pointed dark 
streak, the MAjmAnmrEB Sinus or “Pearl Bearing Gulf,” and this 
runs into the track of vegetation known as the Mabe EnTTHn^cit. 

From these dark patches canals run across the noii±ern deserts to 
dark patches grouped aromid the no rth polo. AI though there are few 
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of these in tho nortUern hemisphere which, as ’we have already SAid| 
is chiefly desert, one is very prominent and sometimes even more prom- 
men t than tlie Sjrtis Hlajor. Tim dark spot is called the ILark 
A rmiLEuar, and is connected with the Pearl Bearing Gulf by a wido 
canal called Ikdus* A little to tlie right, or west, of Acidniiura is one 
of the dark spots in the desert, called Lactjb Lukae or Lake of the 
Afoon- From this spot a wide canal, Gadoxs, crosses the desert to the 
patch of vegetation Ahhorak Sinus, near the Eye of Mai's. Tlie last 
desert outpost ia the Lucus Ai^creus, Then comes the great clcscrt 
of AaiAzoNiA, which extends over of longitude to Triviiim 
Chnrontis* This desert is crosad by a few canals of which Lruus, 
Heontes and Oheus nre the largest* Immediately to tho west of 
Trivium is a large white area called ELTsimr, bordered by canals and 
with a network of them right iip to the pole. 

These are the chief permanent markings on Atars, but they are never 
seen all together. During the ’nunter the polar caps arc large, while 
the canals are then either invisible or can only 1)© traced with diffi¬ 
culty j hut ns the cap melts, a dark girdle appears around it, probably 
a temporary polar sea, and then the canals begin to appear. At first 
only a JittJe hit near the melting snow can be seen, hut tlus gradually 
gets longer and longer until the whole of the canal is marked out as 
far as one of the patches of vegetation. Like tlie canals, these patches 
arc mere shades during the winter, but begin to darken as the canals 
from the poles fiU up, and are very piuminent during the summer. 
With the orisct of antumji they change from a dark grayish “green to 
brown, and then become mere shades in winter. 

All this fits in beautifully wilh LowelPs idea of artificial waterways, 
but there ai*e other opinions. With hia 2i-mch teleiscope Lowell saw 
and drew the canals as narrow and continuous lines, but another emi¬ 
nent observer, Antoni ad i, using a larger telescope, the MdncU at 
Meudou, neiur Paris, declared that these narrow lines were illusions. 
He said that the reasiin why T^well saw and drew them as continuous 
lines was due solely tu his telescope being too amull to show their 
true nature* With the great telescope at ileudon, the canals were 
seen not to be continuous but made up of a scries of dots and dashes, 
arranged one after the other in straight linea. Whetlier the canals are 
continuous or not, whether tliey are natural or artificial, all observei's 
agree that what we see is not the actual ditth, assuming they 
ditches, but the vegetation to either side of them* An American ob¬ 
server, Jolm E- Mcllisli, declares that wuth tho 40*iiich refracting tele- 
Sfxjpe at the Ycrkes Observatory, the largest instrument of its type in 
the- worlds the canals ap[>earod os cracks, wide and eroded down, com¬ 
paratively fihaJlow and tlllerl with water* Some of the veiy widH 
canals were distinctly seen to be darker in the centerp and reseiaibled 
ditches fil led with water and with marslies and vegetation dong their 


2M ANNUAL REPORT EUlTHfiOmAN DraTITDnQJI, 1956 

aides. The dork, round spots, iFhich Lowell believed to be cities, oases 
in the desert^ were seen Mellish as craters, presuniablj of volcanic 
origin, nnd also filled with water. 

We have three opinions about these mjsterious nliials. The first 
regarL them ae ditches dug by the Aiartiaiis and indicative of an 
advanced civilization, the work of superhuman into)lienees. The 
second does not attempt to decide whether they are nutmal or arti¬ 
ficial, but denies that they are contiauous features, declaring them 
to be series of isolated and apparently quite separate spots. The third 
regards them as natuml features, in fact cracks in the surface and 
therefore natural waterways. 

The regular appearances of the isolated dark spots, Low'eH’fi citiffl, 
were also to some extent broken down into collections of separate dots 
with the Meudon telescope. On tlie other hand, Mellish regards them 
as emters, and therefore regular. That there is life of some sort 
on Mars is now generally admitted, but tlie question to be answci'ed 
is whether this consists merely of vegetation, possibly with some 
elementary animal life, or whether there exist on Mars today, or 
have existed in the past, creatures somewhat resembling man, beings 
capable of reasoning and of constructing civil eogineering projects 
on a scale far exceeding anything which man has achieved on the 
earth. 

This question of whetlier we Imve brothers in the afcy, or at any 
rate on Mars, is of the utmost importance. If there are intelligent 
beings ot! Mars it is not impossible that they may seek tocommuoicate 
with us, or even to leave their drying-up planet and migr&ta to our 
pleasantly watered and warmer world. Is it possible for highly 
organized beings to exist on Maraf 

We already know that the diameter of Mara is 4,200 miles, to which 
we can add that this glolw is not as closely packed ss the earth, the 
density being 3.94 times that of water, while the figure for the earth 
is 5.52. The small diameter and the low density mean that the 
mass of Mars, the amount of matter in it, is only slightly more than 
one-tenth of that of the earth. The surface of Mora, or its area, is 
not quite three-tenths and the intensity of gravity at its surfai^ is 
not quite four-tenths (more precisely 0,33) that of our globe. 

The low surface gravity is just about sufficient to allow the planet 
to retain an atmosphere coroposed of oxygen and nitrogen, with some 
water vapor. The red color and the spectroscopic evidence that thero 
is little free oxygen in the atmosphere mean that much of the free 
o^gen the atmosphere probably once possessed has entered into com¬ 
bination with the Burfaea rodts. The amount of water vapor is limi ted, 
but still sufficient for the formation of polar caps and wcfts^rmpl 
morning mists and clouds. The true water-vapor clouds can be dis¬ 
tinguished from what appear to be dust or sand Btorms by their 
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white color. The yellowidi clouds which IiaTe attracted the attention 
of the best observers are thought to be sand stomis^ in which the sandy 
surfaces of the deserts are whirled aloft by air currenta. There must 
be winds on Mars; but judging from the manner in which clouds of 
any kind tend to rise and hang orer the same region, without drifting 
far. it soema that the atina^heric currents are uanally ascending or 
descendingj probably associated wTth temperature variations. 

The mean temperature on Mats must be much lower than that on 
tliB eEirth^ because the planet is so far from the sun and also on 
account of its rarefied atmosphere. The best authorities believe that 
the maximum temperature at noon on the equator is somewhere be¬ 
tween 50 and 60 degrees Fahrenheit. From this masinimn it must 
fall rapidly as the poles are approached^ and also both in the early 
morning and. the kte afternoon for places on the equator. Mars is 
certainly a cold world, but it is also a dry one; to this it may be 
added that Mara is a smooth world. 

Despite Marg being a small, diy^ and cold wot Id j there seems to 
bo souie analogy between the conditions on. Mars and some of the 
more arid regions on the earth. A mysterious thing about the red 
planet is the fact that aitUougli it is smaller than the earth but larger 
than the moon, and thus fite in between them, it is much more smooth 
than either. The moon clearly tells us that smallness of a planetary 
globe is no bar to its having a rough and mountainous siirfaccj but 
on Mars it ie doubtful whether thei^ arc any mountains higher than 
the Welsh hills or the highlands of Scotland. Some authorities have 
set the maxinmin height much lower, around 2,000 fect^ and talk 
about tJm featureless horizon on Mars and how. owing to the sharp 
curvature of its surface, the gromid must seem to rise up like a huge 
convex shield, especially in the desert regions. 

The great barrier to increasing our knowledge of Mars is an insur¬ 
mountable onoj namely distance. This, together with the limitations 
imposed by our atmosphere, renders It certain that the largest tele¬ 
scope man can ever construct will fail to solve the problem of the 
type of Martian life. It is possible that we will eventually learn more 
about this alien form of life by radar than by visual or photographic 
mean.s, unless such means are located somewhere comparatively doi^e 
to the planet, perhaps on one or either of its moons^ 

Every time that Mars comes to opposition, and is therefore most 
favorably situated, enthusiastic and hopeful people “tune in^^ with 
powerful ratlio sets in the hope that they may pick up signals from 
the Martians;. In 1P24 and again in 1026 reports appeared in the 
press of certain unidentiRed “pips"' which nughL^ but almost certainly 
did not, originate from Mars. Assuming that intelligent beings exUt 
and attempt to contact us, the dif&onlty here would be to make any- 
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thing out of thfl sounds, as it is in the highest degree improbable that 
thej would make use of our terrestriai Morse code [ 

More nonsense has been written about Mars than about any other 
planet The only thing which science has established is the almost 
certain existence of plant life on Mnrs, and the possibility that some 
form of animal life may also exist. Beyond this we cannot go uol eaJt 
the Qcld is thrown <ii>en to speculation, when of course there is no 
limit. There unty he people on Mars and they may be anything you 
like to imiigine, but we know nothing about them, and up to tlie present 
time nothing has been picked up which suggests that tliey are attempt¬ 
ing to contact usl 

It seems reasonable to conclude that if intelligences do exist, they 
should most earnestly desijie to leaTe their in many ways inhospitable 
world, and visit ours. IDven if they did succeed in tho construction of 
practical spaceshipa capable of titiTeling to the earth] our dense 
atmosphere would prove a serious and possibly fatal barrier. Just as 
we would be asphyxiated if we attempted to breathe the thin atmos¬ 
phere of ifara, so the Martiona would bo drowned by immeraion in 
onr dense atmosphere. Only in the higher regiftns, near the aujnmits 
of our loftiest mountains, could tliey hope to survive, at least for 
several generations and until they becajjio acclimatized to their new 
environment. 

Mystery still surrounds the canals, bound up ag they are with the 
greater mystery of life. As a telescopic object, Mars is often rather 
disapiKiirt ting t o casual observers.. People imagine that ive know more 
than science adniita, and expect a lar^ telescope to show the planet 
like a huge full moon with canals clearly revealed, and possibly even 
see tile canal boats which are imagined as passing to and fro along 
these waterways. The actual view allows a siuiilJ and not always 
round disk of a yellowish-red color, on which tlie polar caps may be 
plain enough, ag are the darker markings, while the canals generally 
appear os rather diffused streaks. Should the atiiiospheric condi¬ 
tions be imperfect, as is usually the case, tlia view is even more disap- 
poin ting, as ilic whole tiling is “ f uzzy” and iinsteudy. 

The proper place to solve the mystery of Mars is from one or another 
of his satellites. The nearer to the planet is the larger, and may have 
a diameter of around 15 miles, while it ig so close to the planet (only 
SjflOO miles from its surface) that it has to acauiper around it in 7 
hours 39 minutes 36.65 secouds. The outer moon is onlv 10 or 12 miles 
in dimeter, and takes 1 day 6 hours 21 minutes 15.68 seconds to com¬ 
plete a revolution at its distance of 12,900 miles from the surface. 

The inner moon, Pnoaos, actually makes more than three revolu¬ 
tions around Mars while tlie planet tiErns around once, so to the 
Martians it must soeuh to tige m the tce^t and set in tlie east. On 
tho other hand the outer moon, Oeuios, rovolves around Mars in a 
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period whicli is less than G hours longer than that of Slars itself, and 
to the Martians must seem to move rcry alowlj across the sky. Deimos 
rises in the east and sets in the west, in the same manner as the sun 
and the star's: As seen from Mars it would look like a bright star; 
its disk would be rathor difficult to detect with the naked eye. 

Both these moons are totally eclipsed at every “full tnooti,*' and 
also they frequently eclipse the sun. The solar eelipsea are never total, 
for even tiie nearer and larger moon, Phoboa, can only appear about 
a third of tho diameter of the sun. There are no total eclipses of 
the sun for the Martians; tJiey are cither partial or annular. The 
shadow cones which the moons cast from the side turned away from 
the snn never reach the surface of hlars. There are also eelipsea of 
Deimos by Phobos, but the latter moon movies so quickly that it only 
eclipses the snn or occults Deimos for a short time, in both cases 
measured in seconds. As Juminariea they must cut a poor show, for 
the total amount of light they afford during the night is far inferior 
to that afforded by our single moon, 

Owing to their small dinien.sions and their proaimily to Mars, the 
moons are difficult telescopic objects. The period of visibility is a 
conple of months either side of the date of opposition, amounting to 
three or four months at intervals of two years. Even the largest 
telescopes fail to show any detail on their tiny disks; indeed, it 
requires considerable attention to make out their disks and to dis¬ 
tinguish them from stars. 

In 1052 Mars was farther from the earth than in lOM, but higher 
in the northern sky, and thus better placed for observers in Britain. 
On May 17 the writer and Patrick iloore, observing together with 
the writer’s reflector, saw Deimos dearly for more than half 

an hour, following it until it had drawn so close to Mars as to be 
lost in the glare. Moore has also caught Phobos with certainty with 
his 12^4-inch reflector, deseribing il on April 28,19.52, ns “unmistakably 
seen, but excessively faint even with Mara ontaide the telei»opic held; 
on the very limit of visibility with this instnunent, at least to my 
eyes.” 

These moons add to the mystery of the red planet. Perhaps they 
were two of the hundreds of minor planets ^vllicK revolve around the 
sun between Mars and Jupiter, captured by Mars during a close ap¬ 
proach in the past. They are mere lumps of rock; we are not even 
sure that they are glolies, and it is not impossible that they may liave 
a somewhat irregular shape, os some of the minor planets seem to 
have. Eros is an example of a small body, about the siko of the 
moons of Mars and perhaps slightly larger, which comes quite near 
to the earth at certain times and varies greatly in brightness. Tt has 
been suggested that this may bo causedi by Eros being s rough and 
practically shapeless rocky mass. 
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Owing to its proxiinity Phobos cannot be seen from the Martian 
polar regions, as it is always Hidden by the curvature of the surface of 
Mars. In the equatorial aone it passes overhead, and must look con¬ 
siderably larger when high up in the sky tliat when near tlie horizon. 
A few moments' thought will be sufficient to show that Phobos is 
considerably nearer when overhead, and therefore looks as big as it 
possibly can. 

If Mars is inhabited by Lintel ligent beings, and if they have tele¬ 
scopes of equal power to ours, it would be easy to find out whether 
those little moons also aro inhabited. Tiie rarefied atmosphere would 
enable high powers to be used, bringing Phobos within a mDe and 
Deimos to within four miles. However, both moons are certainly 
barren worlds, being devoid of atmospheres and appreciable surface 
gravity. They would be admirably suitable for observatoiies, and 
may be used as such during tlie coming era of space travel, What a 
view of Mars conld be obtained from Pliohos 1 Seen from this little 
world Mars would look over SO times larger than the moon does to ns, 
and would go through all its phases in less than eight hours. 

To ourselves Slars docs not always look round, but may appear 
gibbous, that ia to soy like the moon three days before or after full. 
At such times we can see a little bit of die darkened or night side of 
Mam. Along the line dividing the darkened from the sunlit portion 
of the planet (the ‘terminator,” to use the correct and technical term), 
the sun is either rising or setting. This line is generally smonth, but 
occasionally is irregular owing to the presence of bright projections 
or spots. When sucli are seen they can only lie viewed for ft short time 
before being carried into the brighter the darkened portion, owing to 
the rotation of Mara on its axis. Although fiction writers, for exam¬ 
ple H, G. Wells in bis fantasy Tht War cf the Worlds, liave ascribed 
these bright spots to flashes from a stupendous gun which was being 
used by the Martians to project cylinders to the earth, tliere is no doubt 
that diey are clouds floating in the Martian atmosphere at a consider¬ 
able distance above the surface and thus catching the sun's rays. 

But there are other bright spots, not floating in the atmosphere but 
on the surface. They appear in the equatorial regions during the 
summer and autumn on Mars, Usually they lie on or dose to the 
borders of one or more of the patches of vegetation, such as Syrtis 
Major Or Sfargaritifer Simla These white spots develop markedly 
during the hot season, and, although we are not sure what they are, the 
plaiisible suggestion has been made that they may be cultivated areas 
or, in other words, crops. 

Certain canals occasionally show activity of another kind; they be¬ 
come donblel What was praviousty seen as a long, linear marking 
now has a companion running parallel to it a short distance away. 
They look exactly like a rail track, and may maintain their parallel 
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nature for Imndreds of mileEL They are Eomewhat rara, and tha ma¬ 
jority of the conaJa are always seen as siiigle; moreover, Uiey scimi 
to be confined to the desert legions. The appearance is escuctlj ae 
though the companion conai were a reserve cboimel which nmy be 
brought into u^e if the circumstances warrant it* They have been 
the subject of much discussion j some people regard this double aspect 
as an illusion^ without^ howeverj eicplaining in a convincing manner 
how tlie illusion could arise and why only some of the canals are 
subject to ih 

We have already seen that Antoniadi claimed to have resolved the 
coualB into a series of dots and dashes with, the gi%at telescope at 
Meudon. On the moon there are certain dusky streaks on the slofics 
of some of the craters which are approximately the same apparent 
width os those of the JUarthm canals. By this is meant that they look 
to ns about the same size; in reality^ the Ikfartian cauEds are much 
larger, and it is only distauce wbich dwarfs them to the sixe of the 
lunar streaks, 

The wTitet has carefully examined these streaks with the sauie great 
telescope which was used by Antoniadi, and actually used the same 
eyepieces. In small or comparatively small telescopes the streaks on 
the crater slopes look just like the canals of Mars, tlu^t is to say, simple 
and uniform lines or bonda. But with tlie giant telescope at Meudon 
the streaks wei^ clearly resolved into dots and dashes, presenting a 
perfect analogy to what Antoniadi found on MarSw 

It seems to be established that not only the ordinary and single 
canals but also tlie double ones ore in reality made up of discon- 
tiuuoua fragments. It cannot be a mere accidental arrangejnent of 
the dots in a straight line, but must be a real feature of the sui face. 
That is to say, Uie dots and dashes are either the widest portions of 
continuous crocks, assuming that the canals are cracks, or they have 
been deliberately placed in these positions, assuming Lowell^s ideas to 
be true. In either case, we can safely assume that aU parm of the 
cracks or ditches are too narrow for us to see except where the en* 
largcnients (the dots and dashes) happen to ha It must be remem¬ 
bered that those astronomers who accept tlie coudusions of Antoniadi 
draw the discoutinuoua fragments os arranged in lines, U7ile»3 there 
ie e&me ^mderlying linear arranyement^ no siigyestum of o&ntinuom 
streaks would tc reo&rded. 

?fow it is contrary to scientific spirit to assume an artificial origin 
unless a natural cause is proved inadequate. It is also very difficult 
to distinguish between natural and artificial atnicturea unless we have 
a more or less complete knowledge of tlie regions in question. If the 
earth could be obscured with some supertelescope on the moon or 
Venus, both natural and artificial features would be seem The latter 
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would be such things as towns, cities, and perimps some of the larger 
canals. Unless observadona were conducted during their actual con- 
structiotL, it would be very difficult to decide whether the Panama and 
Suez canals were natural or artihciaL We know that these eaimls are 
partly natural^ in the existing lakes, and partly artificiah in the 
cuttings executed by muii; but without this knowledge^ an observer 
on another world could not decide. We are in the same position as 
the imaginary observer, the cannls came into being before telescopes 
were invented. Although Lowell thought tliat he detected a few new 
canals in previously undisturbed parts of the surface, this has not been 
conlirmed by others, and all the canals have an unknown antiquity. 
Even if LowelTs theory should be provetl, it might still be found that 
the artificial portions ana extensions and adaptations of previously 
existing natural features. The majority if not all of the markings on 
liars are natural features; and although tliey may seem strange to 
us, owing to their unfamiliarity, they are the logical result of the con¬ 
ditions prevailing on the planet, in exactly the some manner that crater 
mountains are the natural result of the forces which molded the lunar 
surface. On any planet Uic works of its Inhabitants must be mere 
HUpcrticiiil SCOTS in comparison with the operations of Nature—unless 
the inhabitants deliberately adopt a policy of self-destruction, to 
which rational beings are naturally averse. 

Time enters into the discussian, although it ig generjUly overlooked- 
Tlie present era is one of llfe-beiiriiig for the earth, but on Jlnrs might 
be quite different. For all we can tell, llic greatest life-bearing era on 
Mars may now be long past; on the other hand, it way still lie in the 
future- The present de^jcrtlike appearance of bfars suggests tliat it is 
more likely that maximiijn life existed in the past than that it should 
still lie in the future^ It looks as though the bfe which still exists on 
Mnrs is but a feeble retlection of whfit once existed* Mars may well 
prove to be a world in its old age and approaching extinction, for 
owing to ibi small $is^ it would run tiirough its stuges of planetary 
evolution more rapitlly than tliee^irtli, 

Tho fiivoniblc opposition of Alurs in 1924 was oliserved by profes- 
Eioiials and amateurs alike. At the Jungfrau Observatory, in the 
AIpx, at an altitude of 11,GCK] feet. Professor Schaerer noted tlmt the 
canal Tartarus and part of tile Rtare Cinmieriuin were cloud covered* 
According to some press reports, light flashes were also seen, appar¬ 
ently of tlio same nature as lightning. At the Yei kes Observatory the 
two moons "'shone like clii|]s of star dust.^' At this opposition the 
attempts were made to ^"listen iu to Jifars.” A Sl^vulve wireless set 
was set up in Dulwich V^ilkge, and it waj stated that strange signals 
were picked up in the early morning wliich were very clear and re¬ 
sembled dots in the Morse code, arranged iti groups of four and Avol 
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It TrB 3 stated that- these sounds 'srcre not Morse and could not be 
identified ns coming from any station on this earth. Tl^ey continued, 
intermittently, for about three minutes. N^otliing, however, came of 
this, and it seems probable that the dots were a combination of atmos¬ 
pherics and heterodyning or interference between various stations. In 
1924 radio was in its early stages, and these signals almost certainly 
had a terrestrial origin. Reports of tho picking up of similar signals 
were received from abroad; in America, for eiample, where it was 
stated that they alternated between a long wave length of 25,000 
meters and a short wave of 75 meters. 

At the previous opposition, in 1932, Professor Slipher at Flagstaff 
had photographed a large white cloud which bung for four days over 
the edge of the Pciirl Bearing Gulf. 

A close approach took place in 1909, when Mars was observed by 
Antoniadi and also by the French observer M. Jarry-Desloges, In 
this year Syrtis Major had a pointed tip, while among the strange 
changes noted were those in the canal Phison, which appeared double 
on September 14 and 16, bat single on September 15. It scents possible 
that it Was partly veiled by clouds on the latter date, Tlie I-^ke of 
the Sun was elongated In 11309, and u complicated system of canala 
was seen to radiate from it. 

What appeared to be clouds projecting from tlie surface were seen 
by Antoniadj on October 10,11, and 13, 1024, while otJier clouds were 
seen over Hellas, in 1934 most of the dark areas were very much 
darker than usual, which suggests that tho proiimity of Mars to tho 
sun (it being sumnier in the southern hemisphere) may have favored 
the development of vegetation. The polar enp 9 cx)a showed dark rifta 
within it, and began to break up into detuclied pieces which were 
especially well seen on August 23. 

The opposition of 1926 was remarkable in many ways. It waa not 
so close on approach ns that of 1924, but the planet was higlitr up in 
tho sky for northern observers. A special feature of this year was 
the large number of clouds which were seen to distort the terminator 
of the planet. Two such clouds were seen to the southwest of Syrtis 
xMajor on September 15 by Antoniadi, while on December 15 at least 
three such clouds were noted to the cast of the Lnlre of the Sun or the 
Eye of Mare, At times tho whole planet seemed to have masses of 
clouds or mista drifting over it, now hiding this and then that feature 
on the surface. The canal Nepenthenca and Lacus Moeris, to tho left 
or west of Syrtis Major, were very broad and dai'k in tliis year, while 
the Mare Tyrrhenuin was clearly resolved into separate patches which 
in all probability were more intensive areas of vegetation. 

A very large cloud apparently floating at a great height above the 
snrface was seen on March 16, 115*29, by the same talented observer, 
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Antoniadi. V 017 few of the canals were seen this year, when the 
planet was farther from the eartli than during the previous two 
oppositions. 

A vast yellow cloud w^as seen from August ^ to 2 Tj 1909, by An¬ 
toni ad t coveTing much of the surface around the TriTium Charontis, 
while in December 1911 another such cloud appctired to the south and 
southeast of Syrtis Major and could be seen changing its sliape and 
si^e from November 3 to December 23. This cloud stayed for a long 
time over this part of in contrast with the majority of such 

cloudst which usually disappear fairly quickly. It is certain that the 
yellow and the white clouds differ in tlieir composition, and this has 
an effect on the length of their visibility. 

If we compare the drawings of the earlier observers, made befons 
the canals were recognized as such in 1S77, we can stiU trace, although 
faintljj some of the principal canals^ which proves that these strange 
features? are not of recent devdopmenlj but are permanent. We can 
also find traces of clouds and other indications of variations among 
the dark patches, showing that the weatlier conditions on Mars have 
not altered appreciably during the Iftst lOO years. 

But in addition to the temporary chaugea introduced by cloadst 
we also find others which affect the dark patches^ such as changes in 
thefr phapes, a growing-out more than usual at this point and a with- 
drawal at another. These dianges are more interesting than those 
due to mere clouds, as they must mean some alterations in the patches 
of vegetation theraselvea. It may be that they arise from the amount 
of sunshine at the time, coupled with temperature changes, but it is 
not impossible that some at least are due to the activities of some other 
form of life—that is to say, to deliberate interference with the growth 
nt the places where the changes are noted. Perhaps the soil is ex¬ 
hausted in these places, with the result that vegetation fails for a time^ 
and it is not impossible that the failing ig duo to the escegsivc “reap- 
ing^^ in tliose areas. It must be remembered that what look to m like 
small features are in reality objects covering many ariuare miles of 
the only fertile areas on this otherwise arid planet It is even possible 
that the changes are due to the failing of some new kind of vegetation 
deliberately introduced as an experiment. 

The last opposition of Mam took place in 1954," but tlie planet was 
too low in the sky for sucoesaful observations in Britain* At one time 
it rose only 10 degrees above the soutlicm horizon, and under such 
conditions no useful observations could be obtained. The writer was 


■ Stni^e tiilfl wrlUcn, Mars came to Disposition In IflfW. Ths most e+rlking 
feature of this appoBltlon woa the excessiTo faintness of tbe m&rkSngs. The 
writer obserrerf Ht Afenijoa bnt only aoHeedeff In detecting a few of the 
“cacnLi!.''—H. P. W. 
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then in the United States, where ilars was ftt a much ginater altitude, 
in the southern States orer 27 degrees, and advantage was taken of 
the great Amerkan telescopes. Among other instruments the planet 
was observed with the fiO-inch reflector at Ito-uut Wilson Obaervatoiy 
and also with the 40-mch refractor at the Yerkes Observatory; the 
latter instrument la the largest refracting telescope in the world. 

As seen from Mount Wilson in early June, the ice cap at the south 
pole was very largo and surrounded by a dark band. There is nothing 
unusual in this, for tlie melting cop is alwat/s seen to be surrounded by 
a dark bend, and the cap was hcgiiining to melt But what was very 
unusual was tlie intense blueness of the markings, more especially the 
so-called ‘‘seas’’ in the eouthere hemisphere. Before the cap has appre¬ 
ciably contracted these are normally of o grayish hue, and are not 
pronounced. Tlmt this blue color was real was proved by ohseiwations 
with filters of various tints; the blue came through clearly. There was 
also a lot of cloud in the atmosphere of Mars, as shown on the drawing 
on plate 1, which was made with the &0-inch Mount Wilson reflei^tor 
on June 17. Tliat night only two of the canals could he seen, but it 
was clear that they were continuous streaks and not made up of a 
series of dots and dashes. Lnter on when Mars was examined with 
the Yerkes 40-ineh refractor, numerous canals were detected, and they 
all appeared to be uniform streaks strongly suggestive of cracks in 
the surface, while the oases, seveial of which were seen, suggested 
craters, presumably filled up with some derk-colored matter. ^ At 
Yerkes the blue nature of the markings was again evident, almost vivid 
when contrasted with t he reddish regions. They prompted tlie remark 
tlmt perhai>3 Mars too was experiencing unusual weather. It will be 
remembered that Britain and Europe had a very wet and unsettled 
summer in 195A 

With tlie other and smaller telescopes, such as the 20-inch refractor 
at the Naval Observatory, Washington, D, C., and the 15V^-itich re¬ 
fractor at the Washburn Observatory, Madison, the same general re¬ 
sults were obtained. At Yerkes the outer moon of Mars, Deimos, was 
seen dose to the planet itself without requiring any shielding of the 
planet. Even in the great Yerkes telescope this tiny moon appeared 
as a point of light and not as a disk. Phoboa, the mner moon, was 
always either behind or in front of the planet on the particular occa¬ 
sions when I was observing with these magnificent instruments. Tlie 
clouds persisted, and with the Yerkes inEtniment a large white one 
was clearly seen projecting beyond tlie limb of Mars. 

Tliere have been other attempted explanations of the dark and [>er- 
manent markings on Mars, One of the most recent is that of Dr. D. B. 
McLaughlin, of the University of MichigM, U. S. A. A summary 
of this new theory wus given in the American astronotnical journal 
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Sky and Telascope, voL 13, Ko. 11. According to this aoconnt Br. 
McLaugKlm believes that the dark areas are not cniised bj vegetation, 
as most astronomers thinks but are due to drifts of volennic aah. The 
volcanic dost originateg in active volcanoes, which are supposed to be 
at the tips of fan-shaped markings It is suggested that the general 
wind circulation of the planet causes the dust and ash to be deposited 
in the plaoeg where we see the dark markings. Tlso green color ie 
ascribed to the reaction of carbon dioxide and the scanty moisture 
with the ferromagnesian minerals to form chlorite and epidote, which 
are green In color. The canals Dr. Hcliaughllti believes to be partly 
ash and partly volcanic rifts; this idea was, however, suggested long 
ago by the late Alfi'ed Eussel Wallace* 

The objection to this theory is the presumed existence of volcanoes 
on Mars* Tlicre may ba volcanoes on Mars, but that the ash or dust 
from them would always be blown by winds to the same points on the 
planet is a weak point utiles;} we asamno tliat there are certain irregu¬ 
larities in the surface which ftlso enter into the shaping of the dark 
areasL Also, this theory does not take into account the seasonal changes 
which affect both tlie dark areas and the visibility of the canal system. 

We have considered the evidence which observations have g^vea as 
to the presence of water on Mars, even altliough the indications are 
that the amount is small* AI^^ the seasonal changes in the dark mark- 
ingBj their altered colors and the way in which the canals begin to 
make their appearance as the polar caps melt, the certain if occa¬ 
sional presence of clouds or at least mists on Mars, and the general 
appearance of thus most fascinating planet all combine to suggest that 
Mars is largely a waterless desort and that the dark areas are i^ally 
tracks of vegetation that owes ita life to what water can be conveyed 
along the natural waterways or canals. Perhaps the future w ill show 
that I^owcII, with his Imaginative but magnificent idea of thdr having 
been dug in the past by a race of intelligent beings in a vain effort to 
ward off the inevitable drying-up uf their world, was right after all; 
but this is not likely to happen until the first spacediip has touched 
down on the alien and strange landscape of the red and green planet. 
Hien will come the tinie when men may settle on the planet; theOt 
I>erhaps, the name will bo changed from that of the god of war Co that 
of the god of peace, and men will live freely In their new environmonL 


The Story of Cosmic Rays^ 


By W. F, G. Swww 

Oifcctw, Bane! fl«<o/cA faunjalion tr/ The franAlin losa'iate 
[With S MiitCB) 

Tub atmostheke is, to an esttieinely smiill extent, a conductor of 
electricity, and wc know that such a conclitioii results from the presence 
of charged atoms culled ions, with positive and negative charges. 
These occur in practically ettuiiJ numbers. The positive ions are those 
atoms that have lost a negatively charged particle—an electron—^and 
the negative ions are those that have acquired the negative charges lost 
by other atoms. As a result of mutual attraction, tire negative ions are 
continually returning their negative charges to atoms that have lost 
such charges, so that if die continued esistence of a “state of ioniza¬ 
tion” is to be maintained, there must be present some ngency that 
continually detaches electrons from atoms. Such agencies are, in 
part, the radiations that are emitted by the normal radioactive con* 
tamhiation of the atmosphere. However, such agencies are confined to 
low altitudes, so tliat to account for ionization at high altitudes, where, 
indeed, it is greater than at low altitudes, we must invoke some other 
agency. This agency is the cosmic radiation which, at first, was as¬ 
sumed to be a single kind of radiation coming into our otmosphere 
from above. 

Tlio simple concept of a single type of radiation entering the otmoa- 
phere end being responsible for the plienomena observed had to 
modified os time progressed, Tlie situation, as we have it today, la 
much more complicated. We have been led to believe that there is 
a “primary radiation” consisting for tlie most part of pi^itively 
charged hydrogen atoms, and that the radiation, on entering our 
atmospliere, bombards the atoms of the atmosphere with the resulting 
emission of all sorts of other atomic particles wliich, in their totality, 
constitute what we oAser-i'e as the cosmic radiation. 

ATOMS AKD ELEMEMTARY PARTICLES 

Atom^ and thair parfg,^An atom of matter consists, essentially, 
of two parts-Hm inner core, composed of positively diarged particles 

‘ Renriated by pcrwlastoii ffom Sky aod Teiacope, published at Harvard Cal- 
le^ Obser¥alorr+ Camhrtdge, Mssa. 
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called protons, and uncharged particles called neutrons. Around 
this com we hare a cloud of negativo electrons. 

Hydrogen, the lightest of the atoms, has in its normal state onlv one 
proton in its core or nucleus, and attendant upon this is a single 
electron. Helium has two protons and two nentrons in Its core. 
Uranium, until recently the heaviest element known, has, in its 
nucleus, 99 protons. In the case of one kind of radium there are 
143 neutrons, while in another kind them are 146 neutrons. It is 
the numher of protons that dotermineg the chemii:G2 nature of the 
element. Atoms having the same number of pmtons but difforent 
nuiubete of neutrons am called isotopes of one another. 

ySubaidiary elementaTy partwies .—Although neutrons, protons, and 
negative electrons fom the only permanent eonstitnenta of the atom, 
other particles come Into existenca during periods of drastic pertimba- 
tion such as occur wheu a primaiy cosmic ray or one of its descendants 
strikes an atom of air. 

First, we have a particle called the positron, which is the counter¬ 
part of tlie negative electron, having the same mass, but carrying an 
electric char^ equal and opposite to that of the negative electron. 
Sometunes it is called a positive electron. 

Other important particles are the mesotrons. TIic mesotrons are 
peculiar in the seusa that they have but a finite life and die in due 
course without the intervention of any eitemal agency. 

Wlien the mesotrous were first discovered, it was thought that they 
were all of one kind, but as knowledge hna advanced, it now appears 
Wiat th^ are several kinds, which am in part related to one another 
hke child and parent, or brother and sister. Wlien a proton of high 
ener^ enters our atmosphere, collisions with tlio atoms of the air re¬ 
sult in the proton’s disintegration and the formation of mesotrons 
which are, as it were, bom from its ashes. When a heavy atom enters 
the atmosiJhene, its individual protons sulfer a similar fate, with the 
resulting production of ii]eBotton.s. The neutrons of the atomic nuclei 
seem to ha preserved from a like fate, but they are not completely im¬ 
mune, because a neutron freed from its home in &n atomic nucleus 
sacrifices its right of permanent existence and dies after a period of 
about SO mijiutcai 

On page 949 we shall return to a fuller diacusaion of the mdividuals 
of the mesotron familjp 

In phenomena of the kind we are discussing, another particle has 
entered the picture the UButniio. Its presence has only been inferred, 
but never observed in the ordinary sense of the word As is well 
known, physicists place great faith in the conservation of energy and 
momentum lU atomic processes. Ho;vover, it appears that in some of 
these processes, adding up all the contributions of the various particles 
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to the energy after the occurrence in question gives a sum less than that 
obtained adding up the various contributions before the oociirreniie. 
And m the concept of the nentrino was invented to play the role of 
the thief who stole the energy^ 

Ph&tOTii .—The term “photon” is used to eimracteriae all of those 
particles that are associated with wavelike propetties. in particular, 
it comprises ordinaiy light raya, ultraviolet rays, X-rays, and the so- 
called gamma rays from radium. 

There was a time when these radiations were thought to be of a wave 
nature, the wave coneem^ spreading out into spa^ from the place 
of origin with ever-decreasing intensi^- 




FiGu^ 1.—Tlicsc itcLdita yiiiitfiw die two Di>ace|>U sf ihefLaturc At tlic dglitk 

wiv& dimlniBb Lii intciiBity u. tbcy tpmd from a loum^ it the left, wivclikc paitldc* 
retaia their enerey u they trav^ Dutward. 

Early in the present century, radiations of this type began to present 
ft great puzzle to the student of physics. In some reispecta the radia¬ 
tions acted like waves, as already stated, but in others they acted like 
particles. 

The concept of spreading waves is inevitably bound up with dim¬ 
inution of the wavers intensity with distance from the point of it^ 
origin* On the other hand, the radiations we have classed as photons^ 
while eshibUing wavelike characteristica in certain phenomena, mas¬ 
querade in other instances like huUets shot from a gun. Apart from 
effects resulting from the resistance of the medium, such a bullet is 
just as potent after traveling 100 yards as it is after 1 yard. In the 
ciLse of a bflitery of such guns firing in all directions from a fort, the 
chance of getting hit would diminish with the distance from the fort 
But if one did get hit, he would be just as dead if hit at half a mile as 
he would be if hit at 100 feet 

The mathematical physicist has formulated his ideas and theories 
in such a manner that he is not disturbed by the apparent parados in 
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tha {coexistence of the bulletlike properties and TYaTelike properties^ 
hut lie has not succeeded in presenting them in such a form as to gire 
contentment to the layman. Fortunately for our purpose, tliese mat¬ 
ters need not cause us serious trouble. It will suffice for us to think 
of these radiations, which in the aggregate we lia^e called photonSj as 
particle-like in nature; they differ in energy, however^ not by the nor¬ 
mal differences of velocity, but by some otlier characteristica cnsto- 
marily associated with definite frequencies of vibration. In other 
words, their vdocities are all the same {in a vacuum), and their fre¬ 
quency of vibration determines their energy content. 

FURTHER PROPERTIES OF T7TE FUNDAilEFTTAL PARnCLES 

Fonhation .—Consider the behavior of a charged particle in creating 
ions as it passes tlirough n gag. It detaches electrons from the atoms 
wliich it approaches sufficiently closely, and these electrons form the 
basis for the creation of Sous, as wo discussed on page 245, If the 
charged particle is moving very iTipidlVi with a speed comparable 
with but not too nearly equal to the velocity of light, and if it carries 
the equivalent of one electronic: charge, it detacher from atoms about 
30 electrons per centimeter of path at atmospheric pressure. 
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By this act, the particle loses energy oa it progresgea through the 
gas, and the uiore energy it has lost tlie more rapidly does it spend 
that which remains. 

Particles moving more nearly with the speed of lights that is. faster 
than that begin by detnehing about 30 electrons per centimeter 
of path, arc even more active. Tims, the charged particle spends its 
energy freely when it is very ritli (moving m^arly with the speed of 
light) and when it is very poor (near the end of its path)* It is 
most conservative in its exponditures when it is moderately rich. 

The ionization produced by a particle per centimeter of its path 
depends to a first approximation only upon its velocity and its char^. 
Doubling the charge increosea the ionization per centimeter of path 
by a factor of four* 

Pair p'roducti/?n^ —-A phenomenon more drastic than ionization oc¬ 
curs whoa very rapidly moving charged particles collide with atoms, 
and associated with it is a phenomenon resulting from the collision 
of high-energy photons with atoms. The charged particles concerned 
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in tills tn utter are alroost exclnsiTcly electrotis, for aUhotig;h, in prin¬ 
ciple, heavier particles can operate in an analofrons mnnnert the effect 
IB so much more prominent in the caise of the lighter electron that we 
can ignore it in the olhcr cases- 

Start with a higli-energy photon which finds itself directed toward 
an atom. This photon possessed the characteristic of becoming mathe¬ 
matically irritated when it comes into the vicinity of the atorn^ Exist¬ 
ence as a photon becomes mathematically intolerable, but nature hai^ 
providetl for it the option of changing its state of existence by allow¬ 
ing it to tnatcriuliKe into two oppoaitely charged electrons j thes^e share 
the energy of the photon between them, but not necessarily in equal 
amount. 

Each of the pair of electrons thus produced pursues its course, and 
if either haa dulhcient energy^ when entering the domain of another 
atom it will jerk that atom in aiich n manner as to gi^e rise to a new 
photon. This photon, if of sufficient energy, will repeat the liJsrtory 
of its ancestors, giving rise to tw^o more charged particles. The process 
would go on and on wer^ it not for the fact that each of these progeny 
has only a small share of the energy of the original photon; and when 
tha energy of a particle falls below about 10 million electron volt^ 
the chance of its reproducing itself in this maiitier becomes itifinitEHi- 
mftl. (An eleetrou volt is the energy gained by an electron in falling 
through a drop of potential of one volt.) 

Once the energy of an electron {aUen below the value necessary 
to carry on the process of photon emission and pair pi-oduction, its 
remaining energy is gradually drained away frotn it by ionisation and 
it loses the characteristics of n high-energy ray. 

In the light of the foreg«)iTig, it may be expected that if a high- 
energy photon or electron enters our atm<>spheret or comes into exist¬ 
ence in the upper atmosphere as a result of the primary cosmic rays, 
this electron or photon will initiate the phenomenon of pair produc¬ 
tion. As we descend info the atmosphere, the number of electrons 
passing through a nnit area will nt first increase, attaining finally a 
maximum, after which it will decrease. This is because timers is a 
birth rate of electrons resulting from the pair production and a death 
rate resulting from electrons falling to an energy at which they ore no 
longer able to perpetuate the process. Highest in the atmosphere ia 
a region where the birth rate exceeds the death rate; below tliat the 
two are equal and the nuniber of rays is a maximum; further descent 
takes us to regions where the death rate exceeds the birth rate and 
the number of electrons diminishes. 

As we proceed in the study of cosmic ra_ys, wo ^hal] find that pair 
production plays a significant role in the phenomena observed. 

Properties of The need for the existence of a charged 

particle intermediate in mass between the electron and the proton was 
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first sensed by the Japane^ physicist Yuku’Bra^ as a i^es^lt of efforts 
to underst4Xiid the nature of the forces that bind the particles of lOi 
atomic nucleus together. From purely theoretical considerations^ 
Yukawa was able to calculate the moss and mean life of the particle 
in question: about ^(X) times the mass of thi) electron and a mean life 
of the order of of a microsecond (a microsecond is a millionth of 
a second). 

Not long after Yukawa^s caknlations were made, it was found that 
the principal constituents that we observe as cosmic rays at sea level 
are charged particles having a mass of th^ general order of magnitude 
of that of Yukuwa^s predictions, but these particles have a mean Lfo 
of the order of 100 times that predicted by hiin+ 

Of course, the discrepancy of 100 times in the mean life was em¬ 
barrassing to the logic of the subject, hut phyEicigts were happy to 
have experimental verification of Yukawa's work to the extent of the 
actual oxibtence of any kind of particle Intermediate in mass between 
the electron and the proton, and having any kind of a finite life 
expectancy. It was hoped that time would clear up the discrepancy, 
possibly by modifications of the theoiy. 

Time did, indeed, dear up the discrepancyj but not quite in the way 
anticipated The particle found in cc^mic rays was not Yukawa's 
mcsotro&j hut raUier a child of that mesotrorL Before very long, 
experiment revealed that there did indeed exist in natui^ a particle, 
now called the pi^^Tfiesotr&n (x-meijOtronj, of mass about 300 times tlie 
electron's mass and with a mean hfe of the order of a hundred 
millionth of a second, aa predicted by Yukawa. The pi-mesotrons are 
usually brought into existeiLce as tlie result of the bombardment of 
atomic nuclei by high-energj' cliarged particle such as the primary 
cosmic rays whicli enter our atmosphere from outer space. Tliie kind 
of mesotron can have either a positive or negative charge. 

£x}>eriment has further revealed the existence of uncharged meso' 
trons of mass about 300 electron units; these are also culled pi- 
mesotrons. They arc produced hy bombardment of atomic nuclei by 
high-energy particles, and have a life expectancy of the order of 
10-'" second. A neutral pi-mcsotrou decays into two photoi^ of high 
energy—^gamma rays. 

Tile child of the pl-mcstron is called a mu-meji^^tron (fi-mesotron) j 
and it is the result of the death of a pi-mesotron, which is thought to 
be accompanied also by the emissjon of a neuIrina. The mu-mesotron 
plays the most important role Ln coamic-ray phenomena^ Being a 
charged particle, of course, ionizes like any otlier charged particle. 
However, it has a rest mass &10 times as great os tJiat of the electron, 
and so an energy 910 times that of the electron for the samo velocity. 
Moreover, on account of its large mass, it is relieved of the duty of 
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pair productiem and loses energy only by ionization phenomena. As 
a result of this, the mu'inesotron can trarel Tery much fttrtlier through 
matter than can an electron of the game energy. 

The mu-mesotron, when traveling with a velocity smaD compared 
witli thftt of light, has an average life of only about 2.S microseconds. 
Even if it traveled with the velocity of light and had oidy this average 
lifetime, it could not go more than about TOO meters before death over¬ 
took it. However, it results that the theory of relativity demands 
and eixperimeat confirms that the lifetime of the particle shall increase 
with its energy. As a result of this, many cosmic-ray mesotrons have 
lives hundred or thousands of times 2*3 microseconds, so that, so for 
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as life is coDcemed, they could traTiel right Uirough the atmosphere 
axid to distiuices fur below. 

The deatli nf a mu-niesotron is accompanied by the birth of an 
electron—^positire or tiegutivc—and two neutrinos, 

b'inally, in the realm of cosmic-ray particles them have appeared 
the K'mcsotrffji. of around 1,100 electron mass units, and another 
heaTy particle, the iau-msjittiron (r-mesotron) of about 600 electron 
moss units. The tau-mesotron is unstable aitd is believed to decay into 
three pi-mesotrons. 

It is of intemst to observe that even the neutron, when in free space, 
is unstable and has a life expectancy of only about 18^ minutes, after 
which it changes to a proton by ejecting an electron in the mysterious 
process of dividing nolhing into two halves, throwing out the negative 
half (a negiitiv'e electron) and retaining the positive half (a proton). 

Of the various mesotrons, only the mu-mesotron plays a significant 
part in the phenomena observed in cosmic rays. However, from the 
standpoint of what one may call cosmic-ray genealogy, a recognition 
and understanding of the other particles ia necessary. 

COSMIC RAYS IN THE ATMOSPHERE 

The primary co/fmw radiation .—The primary cosmic rays ap^jcar 
to contain samples of every kind of non radioactive atom in the uni¬ 
verse. The cliief coDBtituent ia tlle proton, tlie n ucleus of the hydrogen 
atom. The percentages of the elements vary according to different 
observers, but from representative dahi. they are in the ratio of 4,000 
part teles of hydrogen to 1,000 of helium, to 35 of carbon, nitrogen, and 
oxygen, to 10 of all nuclei with atomic numbers greater than 10. 

There can lie no mesotrons in tlie primary radiation, for the mean 
life of the mu-mcaotroii. the longest-lived of the mesotron family, Is 
only S.3 microseconds when the particle is at rest, and even with ener¬ 
gies as great as 100 billion electron volts, the mean life is only of 
a second. There is no place frotn which the mesotrons could have 
come, for the neare.Rt Iwdy that rould reasonably be a candidate for 
supplying them is the sun, and a particle traveliiig with the velocity 
of light itself would take mere than 8 minutes to reach us from the 
sun. 

Tjifetime considerations rule out even neutrons as possible com¬ 
ponents of the primary radiation, since neutrons have a mean life of 
thoorderofia.Smintites. The sun IS I3 ib only body froio. wbich tbsy 
cDuId reach ua, and if thc^j came from (he siin in appreciable amount, 
there ivould be a much larger change in their intensity from day to 
night titan experimeut reveals. Unlike charged particles, whose paths 
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can be bent by tbe earth’s magnetic field, neutrons could not reach the 
side of the earth opposite their point of origin* 

The productwn of me^olroTis- —When the protons of tl^e primary 
radiation enter our atmosphere, they very mpidly dlsintegriLte into 
mesotrons, as the result of collisious with the nuclei of ntomSi The 
protons disappear so rapidly by tliis process that only about a third of 
them remain at ati aUitude where tl^e pressure is of an atmosphere. 

Even in the case of Uie heuvier atoms contained tn cosmic rays, it 
is the protons in their nuclei that are responsible for gi’^ing birth to 
mesotrons; and since mesotrons are the most iinportant ronstiitieot of 
the rays that wo observe at lower altitudes, a helium atom^ containing 
two protons, is twice as effective Ln pitaJucing mesolrons as is a single 
proton. An atom like iron, with 26 protons in its nucleus, is 26 times 
as effective as is the proton itself, if iron atoms, for example, were 
only 1 percent as iiumcroua as free protons, they would nevertheless 
contribute about one-third as many me^iotrous a^i do the fi^iu protons. 
Thus, despite the relatively small percentage of atoms of high atomic 
weight, it turns out that 50 percent of the mesotrons produced in the 
atmosphere come from primaries tliat are heavier than protons. 

When u proton, either free or in comhinntiou in a nucleus, enters the 
atmosphere and collides witJi the nucleus of on atom of air, it is prob¬ 
able that, in the first instance, pi-mesotrons are produced, as shown 
in the genealogical chart on page 251. A slowly moving pi-mc^tron 
with a mean life of 10“" secfmd w ould travel only a meter or so before 
disintcgniting to form a mu-mesotrom A slow mu-mesotTon, with 
a mean life of the order of 2.S microseconds, would go less than 700 
meters before disintegrating into an electron* 

Mesotrons of higher energy Jive longer and penetrate farther, 
so that a mesotron of 10 billion electron volts vrould iive for about 
^iacco * sserond and lU that time could travel GO Idloraetersu Thus, 
from mean-life considerations alone it would have no difficulty in pene- 
tniting the whole atmosplierCp As a matter of fact, only about L3 
billion volts of its energy sire necessary to allow for all liun ionization 
it would cause on such a jourtiey, so that neither iouizrition loss of 
me^rgj nor mean-life considerations would prevent such a mesotron 
from reaching the enrth^s surface. Indeed* some of the mesotrons 
are produced with such high energies that they can penetrate far 
more than the thirkness of the eartifs atmo^phere^ and cosmic-ruy 
iutensity has a mca^iiiruble value at depths below the eutih^s surface 
comparable with 250 meters of w ater. 

Starting in the outer regions of the atmosphere* we have only the 
primaries. These decrease rapidly with descent, by the prodncHon of 
mesotrons, 90 ilmt the mesotroti intensity rises os w& descend into the 
atmosphere until, at a depth of about of the whole atmosphere, 
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the rate of production of mesotrons balances the Tate of decay and 
there is a maiEimnin in the mesotron intensity. Below tlii^ p{>int;^ the 
disappearance of mesotrons (as a result of mean-life cmisiderations 
enhanced by energy loss) exceeds the rate of formation, and the meso¬ 
tron intensity declines and continnee to decline with further descenL 
The high-energy mesotrons penetrate far, whde the low-energy meso¬ 
trons, cither by decay or by coming to rest as a r^nlt of energy loss, 
travel only shorter distances. 

Th^e productian of eUcimns .—How does the number of electrons 
change with height? Near the extreme upper limits of the atmos¬ 
phere coanaic-ray electrong ai-e very feWj b^aiise the mesotrons that 
breed them have not yet been produced by the primaries in suHiclent 
number. The mu-mesotrons that are produced with low energy in the 
first tenth of the atmosphere die very near the places where Ihey are 
bom, giving rise to electrons. Higlier-energy mesotrons, which c-iin 
imvel fartlier, do not die as rapidly and therefore do not produce 
electrons as copiously m do the low-energy mesotrons. Therefore, 
many more electrons will be formed in the higher regions of the at¬ 
mosphere than in the lower. 

Each electron that is produced, however, g^ies through the procsesa 
of pair production (discussed earlier^ on pp, 24£-£4&) and gives rise to 
progeny which increase in numbers us we descend from the point 
where the original parents were formed. The increase continues until 
it becomes balanced by the loss of electrons, when the ionization that 
they produce reduces their energy below the point at which tlie elec¬ 
trons can reproduce themselves. Thus, each electron formed hm its 
Qivn little genealogical history involving rise in progeny to a maxi¬ 
mum with descent, followed by a declme in numbor:^ with further 
descent. A combi nation of the life histories of all the parent elec¬ 
trons produced near the top of tlia atmosphere tlius results in a rise 
of the electron intensity as w'e descend, a maximum being reached at 
a depth oorrespouding to about <>f the atmosphere, after which 
the electron intensity dinunislies rapidly with further descent. 

The situation is such that practically none of the parent electrons 
produced in the higher regions of the atmosphere can auci^ed m hav¬ 
ing any progeny at the earth's surface, in fact, a parent electron 
would havo to Imve an energy of some 10 trillion electron volhs in tlie 
outer regions of the atmosphere to have a smgk offspring at the earth^e 
surface I 

Such electrons as we find in the lower atmosphere come partly from 
the relatively rare deatlis of fast-tnoving mesotrons and from the 
deaths of mesotrons that have been slowed down by ionization energy 
losses. Another source of electrons is closely related to ionization 
itself: If a mesotron passes sudicientlj near an electron ixi an atom, 
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it may hurl that electron out with an energy tbij high compared 
with the normal energy given to electrons by mesotrons in ordinary 
ionization. Electrons shot out of atoms with high energy in this man¬ 
ner are referred to as knock-on electrons, and they contribute appre¬ 
ciably to the electron component of the raJiatiou measured^ particu¬ 
larly at low altitudea. 

NetUrotis .—It is of importanee to observe that disintegration of Urn 
protons in a primary incident atom leaves free neutrons, which should 
therefore be fairly plentiful in the places where proton disincegration 
occurs. EsperimentT indeed, reveals the fact that neutrons do e^tist 
ill the atmosphere, and their Intensity mounts very rapidly as high 
altitudes are approached^ It is not at present known whether the neu¬ 
trons in htgh-cncrgy atoms disintegrate on collision as protons do, but 
oven if sitch is the case, we may ex|ject to find some neutrons that have 
escaped destruction of this kind by becoming reduced in energy in tlio 
coUision process to the point at which tliey no longer invite destruction 
by such a procesg. 

Extemive Tlie phenomena above nre the main contri¬ 

butions to what we meiLSure os the cosmic radiatiom However, there 
are other contpamtively rare but very interesting phenomena^ In 
extensive slio^vare, souia of the ray^ observed at sea level arrive so 
close together in time, in spile of wide separation in their places of 
arrival, os to suggest that they have a common origin, probably in 
one very high-energy primary particle. P. Auger, who ha3 studied 
tliese matters intensively, states that such showers of rays may corre¬ 
spond to more than a million particles arriving simultaneously over 
an area of 25 acres. If we should imagine these particles to Driginate 
tlirongh pair production from a single high-energj^ electron, it would 
bo necessary to assume for that electron an energy between 10^^ and 
10^* electron volts. Taking all losses into consideration, as high as 
10** electron volts for the parent particle has been estimated ag naees- 
aary to account for some of the phenomena observoA 

^uoleor diMnUffration caused hy cssmic rays. —Anotlier matter of 
great interest In nuclear physi(^, although posgibly of subsidiary 
interest to cosmic-rsy students, is nuclear disintegratiem produced by 
the rays* The neutrons in the upper atmosphere doubtless play a 
significant role In promoting such nuclear disintegTations. 

It has been customary to classify the events observed according 
to the number of prongs which emanate from the oentera of collision 
of tlie rays with the nuclei of the atmospheric atoms, as seen in sensi¬ 
tive films. Study of these tracks, their angular spread, their ranges 
in matter, combined with the fundamental prindplea of the conserva¬ 
tion of energy and momentum during coilieion, serve to enhance our 
knowledge in tJiat most mystcrioue realm of nuclear theory that in- 
volvBs the nature of nuclear forces 
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THE EFFECT OF TERRESTRIAL. SOLAR, AND GALACTIC MACNET[C FIELDS 

Tha primary cosmic rays appear to come toward oitr earth nni- 
fomily from aU directions, or nearly so. The earth h a huge magnet, 
With A magnetic field of small intenaity but large extent, ao that the 
paths of charged particles approaching the earth are hent. Considera¬ 
tion of the influence of the magnetic field leads to the following con¬ 
clusion' Particles of the same charge and momentum (relativistic maaa 
times velocity) are indiatinguishahle as regards the effect of the mag¬ 
netic field upon them. 

While the student of cosmic rajs nsnallj speaks of particles in terms 
of their momcntii, the kinetic energy is a quantity more f jiDuliar to the 
layman* Tt is, however, less simply related to the bending effect in 
a magnetic field* Tlius, for a given energy, heavy particles are bent 
less in their paths tlian are tight particles. 



FiGURii 4.— P^thi of prim;iry coskuc ra^ia (pn thi* Mie protojia wUh II blUi^Q electron vtAu 
cncrEy) 34 tlw:y arc dcflcctctl by the ^nh^i magnctdc bdd. The paOu m drawn In the 
plane of the emb'fl magnctpc cqutEXM-, With the nonh pde upward from the paper*. 

^Vny charged particle, such as n proton, has to have a certain mini¬ 
mum energy before it can reach the euitlvs vicinity at all without 
being bent back into apace by the triEignetic field. Xliat ndnimum 
energy amounts to H billion electron volts for a proton entering 
vertically at the magnetic equator. It gets 1^ and loss as wc proceed 
toward the malefic poles until, theoretically, at the poles themselveg 
particles witli infinitesimal energy coidd reach the outer bound? of 
the atmosphere. 

At any given geomagnetic latitude (we ehall henceforth call this 
^ply latit^ide), the minimum energy for entry of positive particle 
into the atmosphere varies as the direction of entry varies. It is 
greate^ for the cast and least for the west, the value for the vertical 
being intermediate in amount. 











■TOE STORY OF COSMIC RAY&~SWAMi 


257 


Thcfe was a when a stix>fig belief existed that th^ priinarjr 
particles were pbotona and not charged partide^ at all J, C* Clay’a 
discovery of the variation of coemic-ray intently with latitude, a 
discovery confirmed by a scries of worldwide lueasureinents by A. H* 
Compton and his associates, hrst led to the conclusion that there were 
at least some charged particles in the primary radiation. Later, m the 
matter wag more deeply Btudied in connection with mtenaitios from 
different directions, it appeared that there was no rcsom for anythin 
else bnt charged paitides and, further, that the parudes were po<si- 
tively chargcil 

Of course, tlio latitude effect is greatly complicated by the fact that 
our obgerratlons are made in the atmosphere itself. Suppose that ob¬ 
servations could be made at an altitude so high that a negligible 
amount of air existed above. Then wo might expect that tho intensity 
of the radiation would monnt continually as we passed from the mag¬ 
netic equator to the magnetic pole and included in our jneasiii'oments 
more and more of the less energetic radiation that can readi tlie atmos¬ 
phere at higher latitudes. But if we should observe at a deptli in 
the atmosphere, and even if we could bo sure that we were measuring 
ouly the primary cosmic raja, wo should espect that the increase of 
intensity with latitude would contioue only until a latitude waa reached 
at which the low-energy rays, deflected away by the magnetic field 
below tixat latitude, would still be unable to reach ue because they 
were stopped by the atmosphere. 

From this viewpoint the variation with latitude of, let us say, tlie 
vertical intensity of the primary cosmic rays might take the form 
sliown in Uie accompanjung simple diagram (fig. 5). The curve ABC 
w ould hold at very high altitutlea; would apply at a place where 
there is an appreciable amount of the atmosphere above; A£^F, where 



FictriiE —-The effect of mbsDrptuyn by ihfi Atmotplure on xhs inixiuity of cotmie nyi at 

varunis lauLudu. 
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there is more of the atmosphere ahove, and so on. We might thus 
pect that the knee of the latitude emre—the place where the hori¬ 
zontal portion starts—would occur at a latitude which was greater the 
greater the filtitude- 

Now the simplidty of the foregoing picture is disturbed by the fact 
that the knee docs not seem to vary with Latitude as the altitude is 
varied, but seems to occur around 50® latitude for all altitudes. This 
led to the view that the origin of the knee was not to be explained by 
the absorption of low-energy ruys by the atmoq)herej but by something 
outside the atmosphere^ something that createSi for the energy spec¬ 
trum^ a lower limit of energy which is nevertheless sufTidently great to 
permit penetration of the whole atmosphere. Under such eonditiena^ 
the mtensity-yerHusdatitiide curve would show, at aE altitudes, a knee 
corresponding to this energy. 

To solve this parados:, it was suggested that the knee of the latitade 
curve owed its origin to the sun’s magnetic field. The bending of the 
paths of the rays near the earth, that is, within a few earth radii, is 
caused mainly by the earth’s magnetic field, which is here considerably 
stronger than the field of the sun. At greater distances from the 
earth, however, the sun’s magnetic field could predominate. 

Consider a epherei containing the earth^s orbit and centered at the 
sun. Then, neglecting the influence of the earth’s magnetic field, we 
can ask what energy a cosmic ray of assigned type must have to enter 
that sphere at all in the vicinity of the earth’s orbit, which orbit lies 
roughly in the plane of the sun’s magnetic e^pmtor. No rays of energy 
leas than th is amount coul d reach the eartlfs orbit at aE, If tills energy 
is enough to penetrate the atmosphere, we would expect, as found, 
that the cosmic rays falling upon the earth would increase in mtOTiaity 
with increase of latitude from the equator only to the point at which 
all the rays permitted access to the eartli’s orbit by the sun had been 
received by the earth. Increase of latitude beyond this point would 
yield no jfiirther rays because there would be no mora rays. The knee 
of the latitude curve would occur at a definite latitude which would be 
the same for all altitudes. 

The foregoing considerations become complicated by what happens 
to the primary cosmic rays as they enter our atmosphere^ However, 
a fairly clean-cut story appears if observationa are made so high in 
the atmosphere that down to that depth nothing in particular has 
happened to the primary rays. At sneh altitudes, and for the cose 
where the primary radiation contains rays of aU degrees of omallnesa 
in energy, we should expect the intensity to show a continual increase 
with latitude right up to the poles^ (However, the matter is not quite 
os 91 mple as here stated because even the smaU amoimt of atmosphere 
above the apparatus at high olti tndes, and indeed the absorbing mate* 
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rial in the apparatus itself, places a lower limit on the energy of the 
rays that can be observed^) 

I f tlie intensity of the magnetic Held of the snn at its magnetic pole 
is known, we can calculate its value at the earth's orbit, and we can 
calculate th© energy below which no rays ore to he found striking the 
earth’s atmosphere. We can then compute the corresponding latitude 
on the earth at which further increase of latitude would yield no addi¬ 
tional rays, as these would have energies lower than those permitted 
hy the sun to be present. 

The magnitude of the sun’s magnetic Md has been debated for a 
long time, and particularly within recent years. Optical measure¬ 
ments of the Zeeman effect led, about 40 years ago, to the conclusion 
that the sun had a field of about SO gauss at its pole. If the sou acted 
like an ordinary magnet, the corresponding field in the earth’s vicinity 
would prevent protons reaching us if they had less energy than 3 
billion electron volts; which is the energy for entry through the earth’s 
magnetic field at the latitude of SO” geomagnetic, Consetjuently, on 
this basis, we should espect that even at the outer limits of the atmos¬ 
phere there would be no increase of intenrity with latitude from 50” to 
the pole, 

Tlowever, recent experiments by M. A, Pomorantx, under the aus- 
pices of the Bartol Beseareh Foundation, the Office of Naval Besearch, 
and the National Geographic Society, have shown that over the range 
of latitude from 52“ to 69” there is an increase of 46 percent in the 
vertical primary cosmic radiation intensity. Also, this radiation is 
composed of rays of such email energies that they could not possibly 
have come to us from outer space through the sun’s magnetic field if 
it had more than 6 percent of the strength originally assumed from 
the Zeeman effect. 

This argument should be accepted with reservation. There is in- 
creaeing evidence that some primary rays may come to us from the sun 
itself, and such rays might reach us in spite of tlie sun’s magnetic field 
because their short jonrney to tis would not permit enough bending 
ill their paths to keep them away from ua. At the present time, the 
whole question of the magnitude of the sun’s magnetic field and its 
bearing upon the primary cosmic rays caDs for further elucidation. 

Astronomers have coma to doubt the existence of a solar magnetic 
field as high as 26 or 60 gauss at the poles of the sun. Indeed, G. 
ThLessen, who was originally one of the strongest supporters of the 
earlier value for the sun’s field, concluded in 1949 that a strict analysis 
of the original data, while not denying the existence of the larger field, 
does not support such a field with any certainty. Moreover, his recent 
careful observations by improved methods, and tlioee of others, using 
the new solar magnetograph, have led to a solar value of only about 
One gauss, and in the opposite direction to that formerly found. 
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On the other hand, observations of the solar field at one time do not 
necessarily guarantee its value at another. This warning is important^ 
for some stars are known with certainty to possess variable magnetic 
fields. II. W. Babcock found in IME that the star HD 125248 has a 
magnetic field of 6,000 gauss at ixile, a field that reversea itself to 
a comparable value of opposite sign in a period of about 10 days. In 
Sky and Tclcscf)pe for March 1050, Otio Struve presented a detailed 
discussion of “Stars as Magnets,^ 



Fivute 6,—Hqw cosmic>ray intcmity yariei wltti lEtiEufie w ahowa by thac mMmremtQiB 
uad<rr ihe autliDT^a direct in 1946 with flirbarne Geiger coantcF traint. Ae the 
number of tOicatH per minutfl varief^ each mciflUKd iutcniky hiE. a Mattstk^l Uflcertalnty, 
mdicALeJ by the of the vertical Eac representing iL NcLc the levdlng off of the 

oarVe At abaat SQ"” ]Etitiide^ 

Finally, in connection with cosmic tniignctic Reids, it has been stig- 
gested tlmt the great galjuieg of space may be the seats of magnetic 
Rekla. The magnetic fields tn qtlestion are extremely small, of the 
order of 10-" gatisa, but their great extent makes them potent influences 
on the paths of the cosmic rays witliin the galiisy. Theoretical con¬ 
siderations sfiow that a charged particle coming to the bouTidaries 
of such a region would be turned back into the galaxy as though the 
latter were provided with a reflectuig wall, and similar considerations 
operate to prevent any cosmic ray that is outside the galaxy from enter¬ 
ing it. Thiis, on soch an assumption, the cosmic rays within the galaxy 
would remain imprisoned within it forever or until destruction 
through collision with atoms or with other material in the galaxy, such 
os the stars, termi n ated their existence. 

TIFE ORIGIN OF THE PRIMARY COSMIC RADIATION 
Early students of the primary cosmic radiation picturecl it as dis¬ 
tributed with equal intensity over the whole of galacUc and inter- 
galactic space. Snch an idea is attended with considerable difficulty. 
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Thns, R. D. Eichtmyt;r and E. Teller liaira pointed out that on such a 
view the total energy carried by all eosmic-ruy particles is nkuch more 
thfln all the energy eTer omitt^ by stars, together with their kinetic 
energy. In fact, it wonld bo an energy Je^ by only a few orders of 
magnitude than the total energy (E=mc^) represented by all the 
matter in the muFerse, 

Difficulties also arise as to hoiv the supply of eosmic-ray particles can 
be maintaified, aince it is necessary to allow for a continual lo^ aa a 
result of their ajllisions with atoms in space. 

Such oonsiderations have led to tlie general concept of an estensive 
magnetic field confirdng cosmic radiation to a definite region, a galaxy 
for example^ as just mentioned above, Such a tlioory' removes the 
necessity of extending the rays to the whole of intergalactic space, and 
avoids the enormous amount of energy that such estension would iin- 
pute to cosmic rays in the universe as a whole. 

There are three general possibilitieB to account for the enormous 
energies of the rays themselves, from 10^“ to as high as 10^^ electron 
volts: 

1. The particles may receive energy by relatively sm all forces acting 
over great distHUcea. 

2. They may receive energy in single acts associated with enormous 
forces* 

3. The particles, with their energies, might be considered to have 
been bom with the universe, their properties depending iii>on the cir¬ 
cumstances associated with ihat event. 

The third possibility, fii^t propounded by the Canon Lemaitre, can¬ 
not very well be proved or disproved. At the time of the supposed 
origin of the universe, conditions may have been so drastically dillerent 
from whut they are now that in our ignorance we may assume almost 
anything to form a basis for the origin of the liigh energies. 

The second category is deemed unlikely because we now know tliat 
the cosmic radiation eontains particles much heavier than protons. 
Quantum theory demands liiat a process that could give theJU their 
energy iu a single act would disintegrate them. 

The first category, therefore, presents the natural field for explana¬ 
tion in terms of our present knowledge* Thi?j category may be divided 
into two classes, in one of which tho energies are acquired little by 
little by processes that are primarily meehaoical, while in the second 
the forces are primarily electrical Of course, mechanical forces are 
usually electromagnetic in the last analysis, but it is convenient to 
distinguish between processes that are very clearly the result of elec¬ 
tromagnetic forces and those in which any electromagnetic feature is 
involved in more subtle form, 

Afeckani^nl methods. —^Thua, in the mcchaojcal realm we have effects 
of the predsuc^ of light. For instance, L. Spitzer, Jr*, has considered 
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the acceleratiuti <if small particles under the intluetice of radJa(;ion 
pressure iu the tremendous energy outburirt of a supernoTa. He calcu¬ 
lates that such particles can receive from a supernova outburst from 
0.01 to 1,0 billion electron volts per nucleon (proton or neutron) of 
each particle, ’within an interval of a few hours to a few weeks. 

It is also postulated that the particlea are held within the galaxy by 
an extensive magnetic field. As a result of collisions with atomic 
nuclei in the galaxy, the particles which have escaped collieions with 
stellar bodies break up ultimately into nucleons. The neutrons soon 
change to protons because of their finite life expectancy, and the pro¬ 
tons are lost finally by encounters with atomic nuclei or by striking 
large bodies lik.e the earth. An equilibrium condition is set up iu 
which the number of high-energy nucleons contributed to the galaxy 
per unit time is equal to the number lost bv the aforesaid processes. 
By this means, a cosmic-ray intensity between 0.0001 and 0,01 of the 
measured inlensity ia predicted, depending upon a^umptions aa to 
tlio frequency of nudear collisions in the galaxy, 

E, Fermi, in 1040, suggested an intriguing mechanism which may 
be pictured in elementary fashion by thinking of a ixMim containing 
molecules and many hand steel spheres flsdng about and rebound¬ 
ing from one another and from the walls of the room. It will be con¬ 
venient to eliminate gravity temporarily during our meditations. 

Accordi^ to well-understood principles of thermodynamica, the 
Spheres will, in the last anulysis, lose their energies to the gas mole¬ 
cules and wiU finally come to a state of equilibrinni in which the aver¬ 
age translational energy of each sphere will be die S)une as that of a gas 
moleculft If the spheres are aizablc, let us say 10 centimeters in radius, 
their average velocity w‘ill then be very small compared with that of 
the molecules. If, however, the spheres and the walls of the room are 
I»r£ectly elastic, and if the spheres have considerable velocides ini¬ 
tially, it will be a very long time before they get to this final state of 
equilibrium. 

Meanwhile, the spheres will seek another quasi-stationaiy equilibri¬ 
um m which Uiey have a velocity distribution among themseives which 
is like that of the gas molecules, but with an average kinetic energv^ 
of each sphere enormous compared with that of one of the moletuleaL 
This kinetic energy will l>e approximately equal to the total original 
energy of tbo spheres divided by their number. In other wordi the 
spheres will have a kmd of mactoseopio temperature of eiiormous 
amount which durunishes extremely slowly to the final temperature 

represcQtative of the true equilibrium of both spheres and eas 
molecules, * 


The quasi-equmbriutt of the spheres b not an accidental phenome- 
non, but w an inevitable consequence of the laws of dynamics as 
applied to the collisions between the spheresi 
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now that we imagine tlie moleciiJes to be reduced in number 
BO that the eliancea of moleiiuJes colliding with one another are rery 
much less than tlieif cliances of colliding witli the spheres* The mole- 
cnles maj become ^‘^aniibitioua’' and seek, through their collisions, to 
accommodate themseivea to the kinetic energy" of (hie spheras^ acfj^uir- 
ing Velocities much greater than those of the spheres. This ambition^ 
though at lij-st sight fantastic, is not indeed illogical vuider the spe¬ 
cialized conditions we have tissumed — dynamical laws require it- 

In the Fermi mechanism our Bteel apheres are replaced by bounded 
magnetic fields, associated with moving masi^ of gas in tlie gula^Eie^. 
A niagneiic field of this kind is iiepresentative of a hard elastic body, 
because an electric particle enlering it is turned back to the legion 
from which it came, without any loss of energy' oa measnired in die 
frame of reference in whicli the magnetic field is at rest* 

However, there are certain difficulties in tlie Fermi mechanism* 
A faat-iuovmg diargod particle loses energy by ionizing the other 
atoms in its path; and while the density of matter in space is very 
small, die loss of miergj^ by thia process more than offsets the Fermi 
gain for low energies, where the ionization pmbability is grcaLer. 
Oidy when a particle has attained the lower range of cosmic-ray 
energies ia the Fermi mechajiism capable of taking hold to increase 
furtlier die energy of the particle. In this matter, heavy particles 
arc at a disadvantage with respect to light particles Tlius, the Fermi 
mechanism requires a kind of injector process to get it started, such 
as the suggestion of Spitzer alieady cited. 

Then, since die average energy gained by tlie tnedmiiism is only 
about 10 electron voU^ per collision, and since each particle would 
have only abont one coUision [>er year, aliouL fiO million years wonld 
be necessary for a particle to acquire coamic-ray energ)'. During 
this period, it would have opportunities for collision with the nucleus 
of eome particle in the surrounding space, and such a collision, as 
we know from the evidence presented by pixjtons entering our atmos¬ 
phere, would result in destruction of the panicle and its conversion 
into mesotrons, which disappear liccause of their finite life. 

As our quantitative knowledge becomes more complete, the strengi h 
of the evidence against the Fermi mechanism increases also, one of 
the most potent difficulties arising from the time necessary for the 
particle to naiuire cosmic-ruy energies and the chance of ita destruc¬ 
tion during that time- 

fJUctromaffneiw methods. —Tlie science of electricity and magnet¬ 
ism suggesl^ many processes by which cosmic-ray energies can be 
realized Phenonieua and quantities tliat are of negligible importance 
iu esperimeuts on a laboratory ecftle can grow to very fundiunenta] 
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aignificotice in Uie scale of the cosmos. We can only briefly sketch 
some of the suggestions that have beea made in thia connectioiL 

First, WB could view the planets or other cosmic bodies as electrically 
charged to very high potentials, so that charged particles coming to 
them from space could acquire great energies in reaching them. It 
is with some comfort that one finds a fairly general method of dis¬ 
missing this naive suggestion. Wtiile interstellar space contains 
only about one atom per cubic centimeter, there ia reason to think 
that it is a comparatively good conductor of electricity for RmitH 
electric fields, A large portion of mterstellar atoms is ioniaed by 
ultraviolet starlight, and the mean free path of tlie ions is large 
because of the low density. Therefore, on a simple vie w of the matter, 
the electrical conductivity of interstellar space should be comparable 
with that of a completely iouizi‘d gas at atmospheric pressure and 
should amount, in fact, to two percent of the conductivity of copper. 
Under such conditions, any electrostatically charged body in the 
galaxy would become rapidly discharged. 

A rotating, magnedzed, conducting sphere eax>9riences electro- 
dynamic forces resulting from the rotation of its substance in its 
own magnetic field. Such a rotating sphei'e develops a potential 
dilfereiice between its axis and its equator. A star the size of our 
sim, possessing a magnetic field like that attributed to the sun until 
recently, would acquire a potential difference of about three billioti 
electron volts when rotating In a nonconducting medium. For a 
magnetic star, such as was cited by H. W. Babcock, with a field of 
some 6,000 gauss at the pole and twice the sun’s radius, the potential 
difference would be of the order of a tboueand billion volts for the 
same ang ular velocity. 

These potential differences would not bo completely annulled by the 
electrical conductivity of interstellar space siirce they woidd be con¬ 
tinually rejuvenated by the rotation of the star. They would be modi¬ 
fied depending upon the ratio of tlio conductivity of space to the con¬ 
ductivity of the star itself. Under suitable conditiona, such a rotat¬ 
ing star could shoot out from one of its poles charged particles which 
at great distances would show cosmic-ray energies. 

Ttecog^ing the existence of violent magnetic disturbances on 
stare, akiu to the growth of sunspots with their accompanying mag¬ 
netic fields, the writer, some fit) years ago, suggested that such phe¬ 
nomena might result in eosmic-ray energies. The nuschonism is quite 
analogous to that of an ordinary electrical transformer, where we 
have H changing magnetic field threading through a n-ire circuit and 
inducing therein on electromotive force which drives the current 
tioough the cireaiL The actual ctreuit itsel f is not n ecessaiy for the 
realization of the electromotive forces, and if there be charged par- 
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tid^ in the Ticiaity rf the diangmg magnetic fields they will bo 
whirled around by the electromagnetic forces even though they do 
not form part of a material circuit* It seeitss that cogmic-ray ener¬ 
gies can readily be acquired by processes of tlds kind. 

RecantlVy the foregoing mechanism has been extended to galaxiesT, 
where magnetic fields of the order of TXKH gause are recognized as 
existing. On the suppoaltioti that tb^ magnetic delds have growri 
from zerOj it appears that a charged purficle that bad Mro energy 
when the field was zero would acquire energy continuallyj and could 
attain au energy greater than 10*^ electron Tolts by the time the field 
had risen to TXICH gauss- Tlie complete story of the possibilities in 
this matter involves the lifetime of a cosmic ray, and the conditions 
pert aining to the case where the magnetic field hos already attained a 
finite value at the dme the particle, as a result of becoming charged, 
starts to acquire energy. 

Tt is also known that if an electrical conductor in a magnetic field 
is removed from the field, the conductor will tend to carry the mag¬ 
netic field with it- What reaUy happens is that the chango of magnetic 
flux that would occur in the conductor, if it sunplj left the magnetic 
field behind, introduces electromotive forces and so curreint* This 
forms a new magnetic field which |ust replaces the loss of magnetic 
flux that would otherwise have tesuhed from tlie departure of the 
conductor from the original field* A. Unsold has called attention to 
the fact that, in those huge solar cataclysms in which a mass of matter 
is seen to be hurled from one portion of the sun^s surface and to fall 
back upon another, we have a condition favorable for changing mag¬ 
netic fields. If such a mass of matter is condactlng and starts from a 
place where there is a magnetic field, it will pursue its course in the 
cataclysm, carrying the magnetic field with it until it eventally 
splashes once more into the sun, resulting in the annihilation or the 
dispersal of (ho magnetic field that it carried* Tlie rapid change in 
magnetic flux through the regions of space in wliich the cataclysm 
occurs provides for the birth of electrical forces that can give cosmic- 
ray energies to charged particles. 

Another method of accelerating charged particlea has been sug¬ 
gested by D. H. Menzel and W, W, Salisbury and has been further 
developed by E, M, McJIlHan. It depends upon energy that is elec¬ 
tromagnetic in nature, but with vety low fr^uencies of only a few 
cycles per second and existing only in ih^ extreme outer portion of the 
solar corona. Such low-fmitiency waves may arise from large mag¬ 
netic disturbances initiated by solar flares and propagated through the 
corona. Sparsely distributed ions in the space around the sun fond 
other flare-type stars) might be accelerated to cosmic-ray energies if 
a mechanism of this kind actually exists. 
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But if the general coaniio radiation originatea in stellar flares, ^vhy 
does it come nearly uniformly from all directions? This didiculty 
attends any theory that mTolv*es the stars as tlio origin of cosmic rays. 
Therefore, it has become customary to postulate an ertensiTe mag¬ 
netic field extending throughout the whole galaxy, This field is 
supposed to l>e weak but anfliciently extensive to curl up the paths of 
the cosmic-ray particles in such fasliioii as to prevent tlieir escape 
from the gnlasy, and at the same time to provide, as the rcsiilt of 
succesaive reflections at the boundaries of the galaxy, for a condition 
in which an observer on our earth, for exaniple, receives rays with 
approximately equal intensity from all directions. 

If cosmic rays are pm'ely stellar in origin, however, we might expect 
cDsmic radiation from the sun to outweigh that from the other stars 
by some tiling like the extent to which sunlight exceeds starlight. This 
is not the case, and radio noise from the stars in general seema to out¬ 
weigh til at from our Sun; therefore, Unsold ia driven to assume that 
the sun is not typical in these matters and that the cosmic-ray activity 
of many stars may be very much larger than that of the sun, 
jVn alternative not inconaistent ivith the poKibilities is to attribute 
practically the whole observed coatnic radiation to the sun itself. For 
this, tlie magnetic field of the space around the sun would have to con¬ 
fine cosmic raya to the j^neral vicinity of the solar system, with bound¬ 
ary reflections producing the olitserred near-uniformity from all di- 
lectio^. It is a fact that unusual solar activity is accoiupanied by 
variations in measured cosmic radiation. Thus, for esample, in duly 
of 1 IMG an exceptionally large flare developed on the sun, and during 
this period a change of as much aa 30 percent in cosmic-ray intensity 
was observed by stations of the Carnegie Institution of TWalirngtoii 
distributijd in various locaJities^ 


Abundance of iho elew^nis.—Snppos^ tjiat, regardless of the 
meth^s of origin and places of origin of the rays, different substances 
rontributcd to the rays in proportion to the amounts of the substances 
present. If the rays came directly to us from their places of origin 
the proportions of atoms of different kinds in the primary rays should 
reflect the abundances of the different kinds of atoms in the noiverse 
If, however, the rays arc confined by the boundaries of a magnetic 
aeld oo-.zt.nsiv. with th, g,lnzy lii. feh bp, in n gignnti. p„nl, 
they will increase m numbers without limit. But each fish will die 
ewntually, and a state of equilibrium will finally be reached in which 
the density of fish is such that the number that die per year wiU eniml 
the number dirown into the pool. For a given rate of supply to the 
PMI, th. nltimt. d.nn,l 7 wIIH. g«a,.r, th. grentnr tho liti of Hi. 
fialx If fish of dlirerant kinds have diffetnnt lives, their ullim.t. mla. 
tiv. nnmhers will refiool their inlalive lifetimes m ..11.. th. rnte nt 
which they arc thrown into the pool. 


THE STORY OF COSMIC RATS — SWANN 


267 


Death occurs to 4 cosmic ray when, in its wanderings through the 
galaxy^ it strikes another atomic particle and disintegrates into meso- 
tronsj and these in due course decay into electrons and neutrinos. The 
chances of collision are Email; a cosmic ray may travel for many 
millions of years without hitting another atomic nucleus and dyings 
However, a larger atom will collide moi'e fret^uency than a smaller 
one, and bo lifetime considerations will tend to favor the lighter 
particles. 

From the researches of astronomers, physicists, and cliemiatB, we 
have found the observed relative abundances to be: 


C^trmicp-ari inUnUm t&tiSia- 

H _ ______... 300,0U& 100, 000 

He_ 25p0(W 10,000 

C. N. O _ 900 130 

Heavier elomeiitiS— __ 10 IG 


This table does not favor the light elements in relation to heavy 
ones, although carbon, nitrogen, and oxjgeix appear to be relatively 
more abundant in coamk rays titan in the universe as a whole. How¬ 
ever, the mechanisms of accdemtioii may act more strongly on one 
atom than on anotherj and there is, after all, very little reason to sup¬ 
pose that tlic atoms of differ cut elements have an equal chanco of 
receiving coamic-ray energies* 

Nevertheless, one cannot doubt the importance of obtaining further 
more definite knowledge of tlie relative nbundances of elements in 
the primary cosmic raya, and of the relative energies acquired by the 
difTorent kinds of particles* From data of this kind, combined with 
further studies of sucli phenomena in the cosmos as a whole, we may 
hope sonie day to understand in greater detail all the processes in¬ 
volved in the life histories of these rays from the time of their creation 
from oi'dinnry matter to their entry into our atmosphere* 
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Atmospheric Pollution in Growing 
Commuiiities* 


By FuAivgois N. Fhekkiel 

Applied Phyyic^ Lahorstvry, The Johia Hiipkini Univcrnty 


An urban coinmunity ccnusists of an agglomeration of licmses^ com¬ 
mercial and industrial buildings* parfcs^ chnrchea, and Tarious loca¬ 
tions in which human actiTideg are psirfonned- Most of those actiTi- 
ties requira the use of such air-polluting sonrces as motor vehideSj 
raiirDods* house heating* refuse disposals, &ctoriea, and powerplants* 
Like a living being, a living commiinity breathes the surrounding air 
and discharges the polluted air into the atmosphere. The life 
of an urban area must.* therefore, be accompaaied by atmospheric 
pollution. In ^me cases* unfavorable meteorological conditions pro¬ 
voke an accumulation of pollutants; in others the dendty of poUutLug 
sources or their ineffective control are responsibly for increasing con-^ 
taminatioTis. When, however* the meteorological conditions become 
unfavorable, in an area with a particularly high density of polluting 
sources, the air contamination may become very serious. 

Tn &n urban area the pollutants emitted into the atmosphere by 
such sources as industry, municipal and hou^hpld inciuerators, house 
heating* motor vehicles, ruitroads, and the inliahitants themselveg in¬ 
clude solid particl^^ liquid droplets* vapors, and gases. Some of the 
heavier particles fall out rapidly to the ground near the pollution 
sources, and the lighter ones deposit at some distance. However* a 
large amount of the pollutants move through the community before 
they are dispersed into the surrounding areas. Sometimes a tmipera- 
ture invereion confine the pollutantfl to lower levele of the atmos¬ 
phere* or a mountain chain restricts their dispersion out of the coni' 

^ This article U laaBcd on a paper rresented nt the amiiifll meotluE of the AJf 
PonuUoa Control AJsStwlatlon tn Dettoit, MIchiEan^ May 105^1, acU pnlh 

llabed In the Sdeotlflc Monthly, AprU pp. lU4"20a, It la aeoil by pennlBalou 
□f the editor of that JonmaL The present pa^ver ineltiilea changes and addlUona 
made darlae (he aatbor^H part-time asaodation with the David Taylor Model 
BaaLn. A largo part of the atadSea described were atipDorted by the Burean 
of Ordnance, Department of the NaVTi nnder contract KOrd T36ft. 
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munity. After a L'ertaiB time, they spread out into the rural areas, 
reaching other couimmiities, another State, or even another country. 
The nature of some pollutants may change by chemical or phyijical 
processes that take piaoe during their dispersion. These processes 
may be due to meteoi-ological causes such as snow, rain, and fog or to 
solar radiation and interactions with aerosols of natural origin, in¬ 
cluding salt nneki, volcano dust, pollen, or such gases as ozone and 
nitrogen oxides. Variong pollutants may Interact among themselves, 
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diamtegrate, or otherwise change during their dispension. Except for 
those poUutMts that change into normal constituents of the atmos 
phere, the dispersing aerosols and gases come, after a certain time 
into contact with tlie surface of the eara Most of the solid purticu’ 
lates reach the land or the sea as a fallout; other poUutants may be 
washed down by the rain or may simply hit the ground when they are 
spreading m the abuosphere. 

Atmospheric pollution starts with the produotieti of poUutants- 
oftoti aa imdpsirabie or mcidental consequences of various industrkl 
process^ An airborne cycle (fig. 5) for the pollutants !«gins with 
the emwwoji, of pollutants; emission is followed by transfer through 
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the atmosphere, and the cycle is completed by the contact of pollutants 
with people, limtock, vegetation, or any other objects. This contact 
may result in the elimination of the pollntatits from the atmc^phere, 
or it may be followed by the repetition of a similar cycle. The dnal 
stage of atmospheric pollution is its possible damage to health and 
property. 



Figl'ILE 2,—Dcalhj KEid tiir ponntion in linden CcninE^- duitn^ Dewnber 1952., DaBy 
naort^lity rftca Are compared wUh the eQncentj-atkuii of tmoke And &f lulfur dioxide 
(SO*). 

Altliough the physiological effects of air contamination aro not very 
well knowiij it has beon determined that each year atmospheric pollu¬ 
tion is responsible for the death of a large number of people It is 
estimated [1,3] * that the intense smog of December 1M2 in LondoDi 
iijngituid, which contained large concentrations of sulfur dioside, 
killed at least 4,000 people (see figs. 1-4)* For the last two years the 
coticentration of O2one during smoggy days in the streets of Los 


* Fiirnrea In b1ll^^kets indUnte TfiCerccera ntend ot teit 
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ADgelea Cotintyj Calif,, wasoftm than the safe concentratian 

iBFfils recommended hj indnEtrial hygienista as the mftJEimum accept- 
able concentmtion for adult workmen in the factorie®. In many 
urban areas over the world, atmospheric pollution deteriorates build¬ 
ings and materials, damages plants and crops^ redii[M!s visibility^ and 
increases mori^idlty. Tlie nuisance of periodic outbursts of smog in 
New York, Pittsburgh, Cincinnati, Detroit, Los Angeles, San Fran¬ 
cisco, and many other communities in the United States has of&en 
been reported* With the growth of a community theiSo outbursts will 
become moro frequent and more damaging unltss some appropriate 
measures are taken to control or to limit the pollution of the atmos¬ 
phere. 



PtirtkMfbati Dnims. 


FiGmz. 5.—Sdicm^tnc rEprcEEmt^tioD the ptmwplurLc pcELulion cych coaiittiiig ol pict- 
ductlon, etnUftbPn, UiDifeTp contact, ud damage. 

Although effective measures to reduce a!r contamination can al¬ 
ways bo applied, they often require complicated and espensive equip¬ 
ment or inconvenient zoning regulations* The costs and inconveni¬ 
ences of such measures must be compared with their effects on the re¬ 
duction of present or future air coutinnination of the conunimity. 
These measures, whether corrective or preventive, must necessarily 
represent a compromise between the costs and inconveniences of pol¬ 
lution control measures and the desire for clean air m the eommimity, 
Matiiematical methods can he used to study several aspects of at¬ 
mospheric pollution in an industrial area* One of the objects of such 
Htudjea is to determine the probable pollution patterns and the rela¬ 
tive contributions of each pollution source to the mean concentration 
at each locatiom As an eicample of the results that can be obtained 
with a matliematical model of atmospheric pollution, we shall use Los 
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Angeles County, for which esten&ive data on the meteorological con¬ 
ditions and tlie distribution of pollution sources are available, and 
which is a good proving ground for atmospheric pollution studies. A 
tlieoretical aiuilysis determines the contributions of poUutajita dis¬ 
persed from the following five general sources: (1) MotoiTars, {2) 
oil and gag heatings (3) refuse ineineratora, (4) petroleum industry, 
and (5) other industrieii. The exjiec^ed elTects of various improve¬ 
ments m the operation of incinerators, cars, and indu&try can then he 
evaluated uring mathematical models with appropriate characteristics 
representing these improvemonts. The effect of a partial reduction in 
the production of certain pollutants by industry is calculated^ Since 
motorcar exhausts contribute largely to the air contamination in Log 
AngeleSj the effect on the pollution pattern of such general improve¬ 
ments as the reduction of eidmust gases during deceleration and idling 
periods can also be evaluated. 

Jfathemutical models can then he used to detenmna: (1) Tempo¬ 
rary emergency measures to be taken when atmospheric pollution 
threatens to reach the allowable coniauiinatioa levels, (3) ^cacy of 
various plans to reduce tlie pollution m an urban area, (S) effects of 
a new poUntion source on the mean concentration patterns, (4) pollu¬ 
tion patterns for a city after future expansions, and (5) efficacy of 
varioua solutions in urban planning on predicted contamination levels. 
In the present paper we are discussing some estimates of probable 
poDution patterns which would follow indu&trisl expansions and pop- 
nlatlon increases of an urban area. Possible effects of increasing the 
combustion efficiency and other industrial operations, as well as the 
improvement of traffic, on present and future pollution patterns are 
then examined. Such an analysis may have some interest to urban 
planning which should be of particular importunce in connection with 
the forthcoming development of nuclear industry. 

It should be emphasized that a large part of tlie results presented 
in this paper refers to a mathematical model repregentmg tlie aiuios- 
pheric pollution problems in Los Angeles County. Such a model is 
necesgairily a simplification of tlie real p]ij.ycal phenomena taking 
place in the atmosphere. Although most of the data on the relative 
contributions of each pollution source fu'c based on published reports 
in which these contributiona are estimated, the mathematical model 
cannot reproduce exactly the real situation. 

ATMOSPHERIC POLLUTION CONTROL 

Production, emission, transfer, contact, and damag^this is the 
story of atmospheric pollution. At each of these stag^ tlie reduction 
of the danger of contamination can be attempted, and in most cas^ 
»rientilic and technological methods for this purpose already exist [S]. 


ATMOSPHERIC POIiLimON—FRENKLEL 


275 


Those methods esseutiaDy of one or more of the foEowing: 

(1) Improvement of chemical or phjaical proces^scs v^ ith consequent 
reduction of the quantity of pollutants produced; (2) collection of 
poUutants at tLeir sources; (3) transformation of noxious pollutants 
into inoffensive ones; and (4) improvement of the mcthiKiB for evacu¬ 
ating; pollutants into the atmosphere. When these metliods arc suffi¬ 
cient to el imin ate the incouveoiences and dangers of contiuninadon 
and are still economically acceptable, then the atmospheric pollution 
p roblem can he easily solved. O ften, ho \vever, under certain meteoro- 
logical conditions, there stiE remains too much pollution even after all 
tliese methods Imve been applied* 

The question then arises: What oOier methods can be used to reduce 
further the atmospheric cantami nation I An ohvioiis answer is that 
one should improve Uio methods already existing and, more particu¬ 
larly, develop new ones that will give better results. Science and 
technology will have to play an important role in such development. 
As in many other technical problems, scientific work on atmospheric 
pollution depends on basic research in various ffelds of science. Tliat 
a better understanding of those problems is necciSiiry and tliat basic 
rec^eareh will be helpful should be self-evident. But what is important 
to know now is: Wliat can we do about atmospheric pollution witli 
the help of tile knowledge presently available? Can we, for instance, 
eliminate the cniisston of pollutants into the atmosphere from the 
various industrial plants or other aources of pollution without altering 
tlie useful operation of the Industty or of tliose sources? The answer 
is a very simple one: Yes, we can* 

You may then wonder why it is not being done in those urban 
areas where atmospheric i>ol1ution Is an already well-recognked 
nuisance. There are no doubt many rea^ns for the lack of effective 
action, but they do not include the one that says action is technicaEy 
impossible because of onr Hmited understanding of the basic problems 
of atmospheric poUutioTi. If we are ready to pay the price of the 
necessary equipment and to accept the posibly complicated methods 
of pollution abatement, we can reduce tlie coutamumtion to any 
desired degree* The expenses and inconveniences required to achieve 
these results should be mea^red by the importance that is placed oti 
the need for the reduction of atmospheric pollution. 

How important is the reduction of atmospheric pollution at pres¬ 
ent t There is still need for much research to provide a quantitative 
determination of tlio dangers, inconveniences, and costs of atmospheric 
contamination. Nevertheless, it is a recognized fact that several 
urban areas produce too much pollution already and that a further 
increase in the conLamination of their almospherB may become very 
dangerous under certain meteorological conditiozia* Urban areas 
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must therefore face the problem of reducing the degree of oontamma- 
tjon without at the sauie time seriously afiecting many of those human 
activities that are responsibfe for the contamination and which^ as 
much as tlte clean air, are necessary to the population. 

Zoning of an urban area for the purpose of eliminating or limiting 
atoiospheric pollution has been considered in several instances. The 
usual purpose of zoning in urban planning is the regulation of resi¬ 
dential building. However, the principles and methods used in such 
zoning cannot be applied directly to atmospheric pollution zoning. 
In the regulation of residential building, one is concerned with zoning 
the use 0 / the land; in the regulation of atmospheric pollution, one 
should be concerned with zoning the vee of the atmoephere above the 
land. In tlie present article, I shall refer to such air zoning and 1 
shall ezamine how it can be achieved. 

An urban area usually includes residential and industrial buildings. 
Both tlie industrial and residential parts of the area contain sources 
of pollution. In a residential urea, those sources may Include house 
chimneys, motorcar exhausts, household incinerators, and others. In 
the industrial area, we may Imve smokestacks, oil refineries, steel inilTa, 
and other sources of industrial pollution. We should differentiate 
between two general areas of contact of pollutants with the ground. 
The first is the area near the source of pollution itself, and the second 
is the wa at a considerable distance from the source. Most of the 
industrial sources emit very large amounts of pollutants but often 
discharge them through tall stacks and avoid the high concentrations 
of pollution at ground level. Therefore a largo part of the industrial 
pollutants comes in contact with the ground at considerable distances 
from Uie industry that produces thorn. In reeidentiai buildings, auto¬ 
mobiles, and house incinerators, the most important area of contact 
of pollutEmts with the ground is near the source of pollution itselL 

Tlio^ problem of air zoning is to limit the amount of atmospheric 
^mllutiou tolerable at various locations in the area. In a populated 
communi^ such limitadou may be based ou health requirements, 
nuisance level, visibilify, or the pollution deposits on buildings, cars, 
and other objects. In rural areas it is necessary that atmospheric 
containinadon he reduced to such an extent that it will not poison 
the soil, damage crops and vegetation, or injure livestock. 

ATMOSPHERIC DISPERSIOJV OF POLLUTArnS 

The most obvious dangers of contamination are limited in some 
areas to the periods of time when the meteorological conditions are 
very unfavorable to the dispeiBion of tho pollutants. Since not much 
can ^ yet be done about the weather, consderation Is often given to 
abutting down sources of pollution when sneh unfavorable conditions 







FirzTJwm tiUuHiriititwi vuMi lypa cf Bmaks plarao dial can owr under 
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prevail. If aucL extreme m^o^uiiea should be necessary, it would be 
essential to reduce them to a mininmm. It may indeed often be suf- 
ficiant to reduce only partially the operation of the sources of pollution 
and to apply this measure only to some of the sources. It will also be 
important to predict the unfavorable atmospheric conditions m ad¬ 
vance to avoid the application of such measure after the dauiage has 
atartecL What then is the most important iufonuation about the 
atmospheric conditions required for euch a prediction f It appears 
to concern primarily the following factors: Tlie velocity of the wind 
that carries the pollutants^ the characteristics of the turbulence that 
disperses them, and the nature of the temperature inversions that 
confine them to the lower levels of the atmosphere. With tlie ex¬ 
ception of precipitation, th^ are the most important atmospheric 
factors with which we should be directly concerned* 

One of the most common illustrations of turbulent diffusion, which 
is directly related to atmospheric-pollution problems, is the dispersion 
of smoke emitted from a stack. The dispersion of the smoke plume 
IS caused by two principal factors: (1) The general air motion that 
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carries the smoke downstream, nod (2) the turbulent Telocity fluctna- 
tioDs tliat disperse it in al! directions. Pigure 6 iUustnates some shapes 
of smoke plumes under tlie same atmospheric eonditions. The -naLhirH 
of atmospheric turbulence makes impossible a conect prediction of 
any of the indiTidnal eiamples of smoke plnmea. One hmiu, howeTer, 
describe mathematicallT an average smoke plume and relate the mean 
concentrations of smoke at each point of this plume to the ataris t icnl 
characteristics of turbulence and to the mean wind velocity. The 
c<luationB of turbulent difiusion for a continuous point source, which 
may be used to represent tiie emission from a sniokesrack, can be 
written erplicitTy under some simplifying assumptions, particularly 
when the mean wind velceity remains constant and the mags and size 
of the dispersing pardcies can be neglected [4]. 

The theoretical equations g^ve the mean concentration distribution 
of disjjersing particles as a function of the statistical characteristics 
of turbulence ami of the meun wind velocity. TJiesc equations can 
be u.sed to determine isoconcent ration curves similar to those repre¬ 
sented in figure f5 in tiie framed illtlst ration. Pneh of thc!Se curves 
is a locus of points at which tlie mean concentration Is the same. 
These theoretical curves shonid be compared with the mean concentra¬ 
tions measured using a large number of individual smoke plumes 
(similar to the 10 phimea illustrated in fJis figure) and observeil tinder 
the same genera! meteorological conditions. 


MATHEALiTiCAL MODEL 

A mathematical model of the atmosphere over an urban area can 
be used to study tlie probable pol lution patterns. One of the simplest 
inodels can be constructed by including in tlie description of the m^el 
the distribution of pollution sources, their emission conditiona, and 
the micronieteorologieal characterlstica tlmt directly affect tlie dis¬ 
persion of polliitanta. The mean concentration distribution of pol¬ 
lutants due to each aom-ce of pollution can he detoimmed, and the 
effects of the several sources can bo added. One can then find the 
mean concentration pattern of pollution over the urban areas as a 
function of tlie tniw. The relative contributions of each of the sources 
of pollution to the contamination at various points of the area can 
then be analyzed. Under some meteorological conditions there exists 

* '*’« Minxes Oe dispersion of 

polktontsto the lovier levels of the etiposphere. Ip our muthematicol 
model suck uu mversiou will bo roprescuted by proper luumdurv eon- 
ditrous uuder which the tlienp.1 iuversiou .„d Ihu ground loflM. the 

dispersing piirticlBE. 

In the ^pJea described earlier we have assumed that there exists 
a wdl-defiued mean wmd velocity that is approximately constant in 
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magnitude anj in direction for the whole urban ai'ca. However, in 
some oa^es it may not be i^ossible to define fmcli a constant mean wind 
velocity* Figure 7 illustrates bow one may bo able to construct a 
mathematical model of atinospheric pollution when the ''mean*" wind 
Telocity cannot be considered as being the same for the whole area. 
On this figure an outline of Lioa Angeles County is illustrated with 
two trajectories detertnineii from measured hourly wind streamlines. 
Let ua consider, for instance, thi& point mai'ied with the number T. 
We asstiiuo that a puff of smoke has been emitted above this location 
at 7 a. m. The puff is carried downstream with the general wind 
velocity along the trajet^tory* At the same time^ the turbulent wind 
fluctuations disperse the smoke puff to sizes illustratefl by the elliptical 
ligures for guecesalve hours following the emission* A smoke puff 
emitted at the same point but at another time may follow a diffprent 
trajectoiy and have a different rate of dispersion- By adding the 
effects of a large number of simTlnr smoke puff^ emitted at the same 
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point at BUccessiTo times, one can find the mean concentration pattern 
produced by a continuoun point soun?e. 

Such a study im been made for Los *\2igelea County. The main 
jLfficu ty in the analysis was the lack of appropriate micrometoopo- 
logical me^urements for the Los Angeles Basin. Although soma 
Tety ▼aluable data on hourly flow patterns ate available [6], data 
on turbulent fluctuations are not Buffieiont. It was therefote necessair 
tc make ^veral assumptiona concerning the characteristics of tnrbn- 
lence. Fipre 8 ^presents some results of this analysis. The point 
jurce IS Iwated m the Ixmg Beach-Wilmington areai it is assumed 
ri^it emts poUntante at a constant rate. The mean concentration 
diatnbuUons at S, 5, and 8 p, m. have been determined, and the cot^ 
responding isoooncentration cuxres are traced on the figure. The 
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Y&luea referring to each of tha curves iadicate the relative magoitudea 
of the mean concentration In this analysia we have not taken into 
acconnt the topographic situation of Los Angeles and have assumed 
that ther® is no tecnperataro inversion. 

relative HESPONSIBIUTIES of POLLimON SOURCES 

A more complete study has been made to dctenmne the thEoreticnl 
mean concentration at one location in Los Angeles Connty—California 
Institute of Technology in Pasadena- We have aismimed a thermal 
inverion at 1^600 feet above sea level and have found the probable 
mean concentrations using the average meteorological conditions in 
Lens Angeles County as measured in September 1947. We have further 
taken into account the topographic situation of the Los Angeles Basin 
by including in our model the San Gabriel Mountainsj which are 
north of Pasadena. 

Sources of pollution distributed over a large area such as motor 
vehicles, gasoline service stations, home incinerators, and house chim¬ 
neys con be repraBented as area sources. An area source can be 
considered as a large number of point sources spread over the area 
or represented by an appropriate mathematical equation correspond¬ 
ing sufficiently closely to the real area source* In order to illustrate 
tlie analysig for an area Eource, we shall consider the motor-vehicle 
traffic distribution la the Los Angeles Basin. The geographic traffic 
distribution is based on some of the available data [d], and the 
density of traffic in. squares of size 4 by 4 miles has been determined. 
In figure 9, the area of each black circle pkoed at the center of the 
square is proportional to the corresponding traffic density. A model 
of tlie geographie traffic distribution has been described by a mathe¬ 
matical equutLOD. Figure 10 represents the hourly variation of the 
traffic volume measured at a particular location in Loe Angeles County* 
Obviously, the hourly traffic distribution does not change in each of 
the squares in the same way ^ however, we sliall assume that it does 
for our model, because more complete data on the traffic variations 
were not obtainable. 

Using similar methods, it is possible to include in our mathe¬ 
matical model of Los Angeles County several other sources of 
pollution and to consider their relative coutributloua to Ute mean 
ooncentrution at each locality in tlie area. We have considered four 
classes of pollution sources, namely: (1) Motorcars, (2) oD and gas 
heating, (S) refuse incinerators, and (4) industry. In what follows, 
I rHaH try to iEustrate what kind of data can be found on these rela¬ 
tive codtributiona of various sources of poUutiom We ehoU first 
add to our matliematical model on area source representing the pollu¬ 
tion from refuse incinerators* Not having available information on 
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their geographic distribution in the area, we have Tised the same 
distribution as we did for the motorcar trudiC] which )S appi'oiimately 
comparable to the diBtribution of population. We have further 
assumed that the incmenitors are operated betw een 0 and 10 a. m. 
with an hourly variation preseutiug a maiimum at S a. in. Finally, 
we have considered the case when the relative amounts of pollutants 
emitted in our mathematical model during a period of 48 hours by 
the four sources—motoreara, oil and gas heating, Lncineratora, and 
industry-^iTe 5 % 6,10, and 26 percent, respectively, Thse percent¬ 
ages were derived from data referring to the emission of important 


0.028 


INOfNBRATDRS 
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poUntants as evaluated for 1954 [7]. Figure IX represents the rela¬ 
tive contributions of each of the four sources to the mean concentration 
at California Tnstitute of Technology aa functions of the hour of the 
day. It should be emphasized that these results cannot be directly 
compared with measured mean ooncentratlons at the institute. In 
this example we have not^ indeed, taken into account the chemical 
reactions of the various pollutants that may occur before they reach 
the point of measurement. We shall refer later to some chemical 
reactions and include thoir effect in the model of atmospheric 
pollution. 

ALLOWABLE POLLUTANT CONCENTRATIONS 

The purpose of atmospheric pollution control is to limit the al¬ 
lowed maxima of pollutant conoentratiDns in the atmosphere of an 
urban or rural area. These maxinui are determined by the individual 
and combined characteristics of the principal pollutants and the 
degree of inconvenience and damage that is to be tolerated- The ef¬ 
fects of long exposure to low concentrations and the eifects of imine- 
diato exposure to high conoentTation.<i should be considered in relation 
to damage to health, crops, and livestock, as well as to the deterioration 
of property. It is nocessaiy, therefore, to take into account the allow- 
able long-exposure concentrations and the allowable threshold con¬ 
centrations beyond which harmful and damaging effects will result. 
A quantitative determination of the safe limits of concentration is 
still an object of research studies. 

In determining allowable threshold concentrations, one must take 
into account several factors involving not only the receiving end but 
also the emitting origins of atmospheric pollution. Too stringent 
limitatioDS of alloxvable levels of pollution may impose great costs 
and difficulties in operating many indispensable or useful activities 
of the population. On the other hand, iiisuffioient restrictions may 
result in harmful eifecte on the health of the population or damage to 
property. Therefore, the csoste and operational difficulties of limita¬ 
tions on the allowable levels of pollution shuald be measured by the 
beneficial effects of such reductions. 

TEMPORARY EAIERGENCY MEASURES 

One may wish to consider some temporary emergem^ measures 
that would limit or modify the operation of the sources of pohntion 
and reduce the contamination. One could, for instance, consider 
changing the hours of opeiwtion of the incinerators to shift their con¬ 
tributions to pollution to other hours (see fig, 12). The contribution 
of motorcars can be modified by changing, for the emergency period, 
the traffic pattern or traffic relations. As a result, idling and de¬ 
celeration periods, during which the motorcars emit large amoutits 
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of poUutanta, would be reduced and the over-all time of operaticin of 
motorcars would be shortened. The indu^nal pollutants may be 
reduced^ for the emergency period, by changing the hours of operation 
of some of the industrial sourced of pollution. The emergency meas¬ 
ures couldf for instance, attempt to distribute the pollution concen¬ 
tration more anifornily over 2^hoiir period to keep it below a 
chosen value for the allowable threshold concentratiou at any hour. 



heating 
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They must of course be applied in tiine to be effective; this requires 
a quantitative prediction of the mean coDoentretions to be expected 
under vaiioua meteorological oonditiona. 

The emergency measures modifying the operation of the various 
pollution sources may not always bo sufficient, and the stoppage of 
some of these sources may have to be oon6ider^< The effects of the 
modification in the operation or of the complete stoppage of the 
sources of pollution can be analyzed not only as far as the four 
general source of pollution (motorcars, oil and gas heating, incin- 
eratore, and industry) are concerned, but also with reference to 
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dividual sources or groups of sources. In our pr^ent example, we 
kaTft considered the ooneentration of pollutants referred to in figures 
11 and 12. It may be necessary to examine tlie pollution levels for 
other pollutants its well* A similar analysis would, of cotiise, have 
to be made for other locations in the urban area or in the surrounding 
rural areas. A complete analysis will therefoi-e require finding the 
poUntion patterns over Los Angeles County, similar to Uiose illus¬ 
trated in figore 8. If the sdr aconing requirements take into account 
the difToreuces between the nature of possible damages in each of the 
locations, then the allowable threshold concentrations may vary with 
the location. 

This analysis refers to tlie mathematical model in which the mean 
concent ration patterns due to the overall urban polIuHon sources arc 
considered^ To approach more closely the real conditions, one must 
take into account the possible departures from the mean concentra¬ 
tions and the fiddi:^ eireci^ of local sf>urcC9 of neighborhood pollution* 
The mean concentration patterns wero determined for the average 
meteorological conditions for the month of September. In our mathe¬ 
matical model, the description of the meteorological conditions was 
based on hourly mean streamlined as measured in Los Angeles County 
ifi September 1017. On each day of this month the streamlines depart 
from this average. This Jeparturo results in a departure of the mean 
eoncentraticju patterns, for a particular day, from the results obtained 
from the analysis* However an important part of the present analy¬ 
sis is to try to forecast the mean concentration patterns to determine 
in advan[!e whether any emergency measures are required. An analy¬ 
sis based un general meteorological conditions conespoiiding to a 
period of the year, such as the month of September, may bo sufficient 
for such a forecast. In the final result one would, however, take into 
account the characterisLics of the temperature inversion for the par¬ 
ticular day for which the mean coneentratjona are determined since 
they have a ruiijor infiaence on the levels of concent ration. 

LOCAL SOURCES OF KOGHBORirOOD POLIUTION 

Let us now consider a residential neighborhood with its own sources 
of pollution that may include automobiles, indoor heating, home in¬ 
cinerators, and so forth. Figure 13 illustrates a small neighborhood 
w'ith two houses and one incinerator. We should differentiate between 
ihe contamination from the over-aU sources of urban pollution and 
the cuntainmation from the local ineiuerator* The over-all sources 
of urban pollution mdudeij for inEtance, the numerotis industrial 
so^s represented in our mathematicjil modoL If our residential 
neighborhood is located near the California Institute of Technology, 
then the mean concentration originating from the over-all souicca of 


AT^rO&FHEElC EOLLTITION—FRE:N:ErFL 


287 


urban pallutiuD m represented by curves siniilftr to thf?se in li/^ires 
11 and 12. For the prcffent discussion, let us Vi^- the curves in figure 
11 and consider wluit should be tlie e^iwcted uiean concentration of 
pollutants^ say, at 12 M. From the scale used in the figure, we find a 
mean coucentmtion of 0.025i at 12 M. Wiiile tha relative amounts of 
pollutants emitted in tlie urban area by motorcaraj oil and gas heating, 
incinerators, and industry ai^j respectively, 52, % 16, and 26 percent, 
the oontributions of these three sources to tha mean concentration at 
the institute at 12 M. are 4T, 0, 27, and 20 percent, respectively. 



CONtRlSUTlON fROW 
THE OVERALL URBAN 
AREA POLLUTION 
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The operation of the local incineriitor will of course contribute to 
tho over-all pollution However, before they their identity by 
mixing with pollutants from many other eurroiindiug guurcea, the 
pollutants originating from the local Incmerator may largely increase 
the pollution in the neighborhood* A similar problem to the one con¬ 
cerning a local incinerator may oecurm IndtUstrlal or commercial areas. 
For instance, at a busy crossroad a large number of cars may have to 
stop periodically for traffEc signals; during their deceleration and 
idling periods they emit large quantitics of pollutant h. Each such 
crossroad may in itself bo considered as a local source of pollution that 
coutribtites largely to the contamioation of the neighliorhood. There 
will bo many other similar case^ where one may have to dilTerenLiate 
between the Gver-aU smirce^ a/ ifTban pollution and the local s&arces 
of neiff/iborAood pollution^ In the study of air zoning, the effects of 
both classe.^ of sources must bo token into account. 

PHOTOCBEMCAL 07J0SE PRODUCTION IN A POLLUTED ATMOSPHERE 

The study of the relative contribution of various pollutiou sources? 
to the contamination described before ignores the chemical reactions 
that modify the nature of pollutants. Wo shall now try to include in 
thia model ari example of some such reactions. A very important 
photocliemical reaction taking place in the atmosphere of Los Angel® 
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County (as well as in other polluted sieas) Teenlta in the production 
of ozone. It has been shown by A. J. Hafigen-Sdit [8] that a mixture 
of nitrogen dioxide and of certain hydtocarbona in air yields ozone 
when submitted to the effect of sunlight. This omne formation is 
limited to a rang© of concentrations of nitrogen dioxido and hydP(> 
carbons in air of the order of parts per million in volnn^. The chemi¬ 
cal kinetics of tb© reactions leading to ozone production are not yet 
well known although some possible reactions have been considered 
[0], Some experiments seem to show that the number of ozone mole¬ 
cules is proportional to the product of the number of molecules of 
mtrogeu dioxide and hydrocarbons [10]. This simple relatiou seet^ 
to be applicable for the range of ozone concentratioiis measured in 
I/js Angeles. It has also been found, however, that ozone can be 
produced by a pholocbemieal reaction in small concentrations of nitro¬ 
gen dioxide in air, even when tio hydrocarbons are pre^nt [ll]- 
While the kinetics of these various photochemical reactions require 
extensive studies, we can, nevertheles, tiy to obtain some data for 
our matbematical model of Los Angeles County by including some 
simple reactions. For the purposes of the present example, we have 
assumed that the concentration of ozone produced by the photo¬ 
chemical reactions is proportional to the product of concentrations of 
nitrogen dioxide and of hydrocarbons. We have also osuined that 
four hours of sunlight irradiation are uecessaiy to complete the re¬ 
action. Figure 14 ^ows some of the results obtained under these con¬ 
ditions. Figure 14a illustrates the combined effect of all sources of 
pollution including {1) incinerators, (2) gas and oil heating, (3) 
petroleum industry, (4) cars, {5) industriea other than petroleum. 
Figures 14b to 14f refer to the cases when all sources of pollution are 
active except, respectively, one of each of the five Bourceg listed above. 
Tlie dadi-line curves on figures I4b to I4f (corresponding to the curve 
of fig. 14a) give the combined effect of all sources for comparison. 
As far as our mathematical model is concerned, it appears that the 
exclusion of incmeratotB (fig. 14b) from the pollution sources will 
not reduce very much the ozone concentration, We should call atten¬ 
tion again to our figuro 13 and emphasize that in our matliematica! 
model we are referring to the contribution from the over-ali urban 
area pollution. This over-all contribution from the incioeratora is 
not very significant os far as the ozone contamination at the California 
Institute of Technology is concerned. However, tho additional con¬ 
tribution of each incinerator to the pollution of its immediate neigh' 
borhood may be much more significant. One must also recall that 
the contribution of incinerators to the contamination by pollatants 
other than ozone may be much more important. Figures 11 and 12 
illustrate, for instance, the importance of this contribution. 
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FiGumE 14 .—cpntrlbu^tii of varioui pollutloa spurrcft m lie mwn coruxntration 
ol azqnc kt thti Cilktoraui Infltitiitc of Tccltflokhgy. These results refer lo k hypothetical 
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A comparison of the results which the mathematical model yields 
for cars and industry is given in fijgure IS. In this figiKe we have coni' 
bined the contributions of the petrolenin industry with the other in* 
dustries. Figure 16a shows the ozone concentration for the case when 
fvnt,, i'tio iTidngtrial source are in operation, while figure 15b refers 
™ T.**v.. all the source eaeept the mdnstiy are in operation. 

These two figures show how difficult it may sometimes be to assign 
relative responsibilities to the various pollution sources for tbair 
contamination. Let us consider, for instance, the concentration values 
at noon. Figure 16a indicatea that if enfy the industry is in opera¬ 
tion, the 12 M. concentration is about 9 perceot of the value obtained 
when tdl the souioes are combined (dash-line curve). However, figure 
16b shows that all of the other sources sJf^?ep^ the indust ry will produce 
u concentration of about 44 percent of the valne for the combined 
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Figuile ]5.—Coiitiibutioni df b^duiLiy (peLr^iciJtn and dikcr induinnei} and df an td tht 

□bjnc polluliDd. 

sources. In first casa It 'wouM appear tliat the contrlbutioDi of the 
industry to ozone coucentr^ition at the California Institute of Tech- 
nologj' ig i) percent^ in the iiecond ease it would Ik? 50 i>crcont* Thi^ 
apparent difFercnce is due to the fact tliat the contribution of each of 
the pollution sources to the ozone concentration are not directly ad¬ 
ditive since adicmical reaction is included in our mathematical model. 
In tlie case of figures 11 and no such reuetion wag mcluded and the 
total concentration of **important^^ poUutants equal to the sum 
of the coiitributions from each of the sources. This is not necessarily 
true w"hon a chemical reaction is playing a part in the atmospheric 
pollution Figures 15c and 15tl represent similar results for the con¬ 
centrating obtained for cars only and for all sources except efu-a, 

REDUCTION OF POLLUTION FROM EXISTING SOURCES 


To avoid using temporary emergency measures too often j the pos¬ 
sibility of pennanently correcting an unsatisfactory poEutJon situa¬ 
tion might be Btudied and the effect of tlie local eonrcca of neighbor¬ 
hood pollution in each locabty slioiild first be examined. In the case 
illustrated in figure 13, the contribution of the incinerator operation 
to tlie pollution level would be evaluated. From this evaluation it can 
ho determined whether the contribution of the local souroea of poDo- 
tion to the neighborhood pollution is too largo | where neceasa:^, 
remedies can be applied. This may correct many local situations where 
the main responsibility for the pollution ILefi with the local soutces* 
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TliG cojlccDtration of poUntant for a section of an urban areA repre¬ 
sents the added contribndons of its local sourcefi and tli& o verfall urban 
sources. Atmospheric pollution control principles may be based on a 
limitation of ihB proportions by which the local souroes and tlie over¬ 
all urban sources may contribute to the allowable concentrations of 
pollutants. These Uimtations do not refer directly to the amount of 
pollutants emitted into the atjuosphere, but to the mean concentrations 
of pollutant. To avoid (sjnta mi nation near the ground in an industrijil 
zonO} tail stacks are often used. TVhLle such stacks do reduce the 
atmospheric poDution of the local neighborhood^ they change little, if 
at all, their contribution to the oTcr-all urban poUutioUj particularly 
if there is a low-lerel temperature invereion. 

For pollutants formed by n photochemical reaction^ such as ozone 
and certain oxidants, it may be desirable to determine whether a night¬ 
time dis|>ersion will reduce the contamination sufficiently to Justify 
the expense of special equipment or the mconveiiicncea of different 
working hours. The posaihiJity of collecting the pollutants during 
unfavorable meteorological conditions and dispersing them into tlie 
atmosphere at a later time might also la? considered. In this conuec* 
tion, the use of natural underground caves and caverns can be con¬ 
sidered whenever they can be found near mdustria! souives of 
pollution. 

The problem of reducing the over-all pollution from such area 
Boiixces as motorcars, incinerators, house heating, and so forth, requires 
very serious study* In the case of incinerators, consideration is often 
given to replacing them by other methods of refuse disposal. The 
possible reduction of pollutants should be evaluated by takang into 
account the contumination for which an alternative metliod may be 
directly or indirectly rceponaible. As far as motorcar poDution is 
concerned, several abatement metliods are considered. They indude 
the use of devices that would mexlify the exhaust gases into inoffen- 
sive pollutants, the it?e of special fuel, and modification of engine^. 
Serious consideration should bo given to a general analyais of tniflic 
patterns. An extensive use of expressways and roads without traffic 
lights would greatly reduce the contribution of motorcars to over-all 
urban pollution. In many urban areas the effect of an increase in 
public transportationj including the btiilding of subways, on file pollu¬ 
tion pattern might be examined. An analysis of the driving habits of 
the population and the conditions of the car engines could determine 
whetlier proper improvements would reduce tie fuel consumption. 
In an urban area with hundrcfis of thousands of automobiles, a small 
improvement for each car should not be neglected. The effects of 
such undesirable habits as excessively long warm-up periods, rapid 
decelerations, and parking with idling engines could he evaluated. 
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In a study of yarioua ijollntion control methods, it is important to 
determine if their effects are sufficiently significRiit to justify their 
expensed and incorLTenieiiced. Ijet u% for iimtance, consider the meth¬ 
ods which conrist in a reduction of the quantity of pollutants emitted at 
the sources. Our mathematical model can be helpful in such an esti¬ 
mate. Referring to the contribution of the industry to o^ue concen¬ 
tration, we have already detei-mined the contamination level when all 
industrial sources are eliminated from onr mathematical model (see 
fig. 15b)* Such an elimination would either require a complete stop 
to all indnstrial operations or complicated and expensive equipment 
to avoid production or emif^ion of ozone-forming pollutants. It is 
doubtful that auch extreme aolutions would be practical and it is 
difficult to imagine a situation in which they might be necessaiy, al- 



Fjguki Id, — Efecu Qf gcncf a! in^pfVTenwnii of Industry cpcratk>D on tte coone pottution. 

though daring an emergency^ m industrial area not prepared to 
trol air pollution by more reasoDable methods may be forced to stop 
the operation of all its industrial sources. Such a situation should Iw 
avoided by studying in advance the effects of a partial reduction of the 
quantity of pollutants emitted into the atmosphere. In the ozone for¬ 
mation of our nmtliematicitl model, nitrogen dioidde and hydrocar¬ 
bons both play an important role. Figure 16 dlnstratea tha effects 
of each of these poUutants on the o^one concentration. It appears 
that the elimination of nitrogen dioxide from industrial pollutants 
would have a much larger effect than the eliminatioD of hydrocarbons. 
This condusQon refers, of course, to the location of the California In¬ 
stitute of Technology and the result may be different for another loca¬ 
tion. If we can evaluate the expenses in investment and operation 






















ATMOaPHEBIC POLLDTIOJf—FEEflElEE 


293 


required to elimm&te either nitrogen dioside or hydrocarbons, then 
we will be able to compare each of these control methods with their 
effects. Most probably a practical solution will be unable to eliminate 
entinly either nitrogen dioxide or hydrocarbons. We should, there¬ 
fore, also try to examine the effects of partial redaciioits for each of 
these pollutants (an example is represented by one of the curves on 
fig. 16). 

The contribution of motor-vehicle exhausts to the production of 
ozone appears to be very large and deserves an extensive study. We 
will give here only some results obtained by an analysis similar to the 
one made for Uie industrial sources. It is known that the exhausts 
contain relatively large quantities of hydrocarbons during idling and 
deceleration periods. Some thought is given to either reducing those 
periods or using methods to intercept hydrocarbons. Figure IT rep- 



FlCima 17.—EffiCtI sf gencial inipn)vem«nt4 of nrator-vchiclejopefttion W coEutmctkifl OQ 

tlie odflBe pdlutioii. 

resents some results obtained for our model, using available data on 
the natnre of the exhaust gases during various periods of motor ve¬ 
hicle operation [ 12]. It appears that a complete elimination of idling 
and deceleration periods would reduce the ozone concentration to 
about half of its vtklne obtained with all the combined pollution 
sources. This result assumes that the methods used for such a reduc¬ 
tion do not themselves add ozone-producing pollutants. One must, 
for instance, oonsider whether burning hydrocarbons in the exhaust 
gases does not produce too large quantities of nitrogen dioxide. Fig¬ 
ure 17 shows that a complete elimination of nitrogen dioxide from the 
exhaust gases would have a smaller effect than the elimination of 
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idling and deceleration clfects (lurgaly due to Lydrocarbon losses) It 
seeins, bowevorj that many of tlie more recent motor-velude engines, 
with an increased oompressiou ratio, produce relatively larger prapor- 
tions of nitrogen dioxide, Hie relative importance of nitrogen di¬ 
oxide clTects as compared to hydrocarbon etfects may, therefore, be 
quite difTerent in the future. 

This discussion is presented hci'e to mdicalo fl method for an anal¬ 
ysis and does not give final results, which require the use of much more 
extensive data than it was possible to use in our extremely simplified 
model of atmospheric pollution, 

AIR ZONING FOR NEW POLLUTION SOURCES 

All tlicse studies are closely eomiectod with air zoning problems for 
an existing urban area. Their purpose is to reduce the pollution of 
both I he over-all urban area and the local neighbfirhtjod. Such a re- 
d notion may be needed not only when there is danger of rcftcking the 
allowable tiireshold concentrations at any location of the urban area 
but also to make possible the installation of new industries or other 
sources of pollution that accompany a normid expansion of a city. 
A study of the influence of a neiv scarce of pollution on the mean con¬ 
centration ptitterns may therefore be an important air zoning problem. 
It should bo emphasized that, os far as air zoning is concemetl, there 
ia no need to iiiipose restiictiona on the instaUatioii of an industry nt 
any location of an urban area. Limitations should refer only to the 
amount of pollution tliat such a new industrial source of pollution 
would contribute to the atmospheric pollution of its neighborhood and 
of the over-all urban area. 

Convention 111 land zoning has as its main purpose promoting art 
iinil ainenUy in urban building. The urban urea is divided into resi¬ 
dential, commercial, industrial, and other zones with epecificatians 
describing tlie character and the use of the uulhorlzed buildings and 
enterprises. To aecomplisli its purpoises in each zone, the means used 
by land zoning are to apply certain restrietioiis to the buildings in 
the same zone. Air zoning proposes to limit the contaminatiou of 
the urban atmosphere, and would specify the allowable levels of 
concentration for the atmosjihere of each zone. However, building 
restrictions for each zone must take into account the contributions 
of the whole urban area to Uie contamination of its atmosphere. The 
necessary restrictions will therefore dt<pend on the meteorological 
conditions of the urban ai>ea and result in different requirements for 
the same ctusses of zones, according to their location in the area. 

building restrictions are considered, one must of course de¬ 
termine some apec i heat ions that would apply for all weatJicr condi- 
tious. Such restrictions could bs based on an analysis of the me- 
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teorolo^jcal conditionH for various periods of tlis using data 

for several years. One lunst keep m nilndj however, that tiiero wiU 
always be a certain, probability of exceptional meteorological condi¬ 
tions that would produce an abnormally high contaminatioii. ^ The 
probability of aneli an occurrence can be reduced to any desirable 
degree by appropriate zoning regulations^ It siiould he noted that 
it ]5 not necessarily advisable to base llie building restrictioiis on the 
most unfavorable meteorological conditions* Temporaiy emetgimcy 
measures when such conditions prevail could be employed and in con¬ 
sequence tlie rwstrictions could be relaxed- 

OPERATIO^AL USE OF (IIGH^PEFD COMPUTING 

The examples of mathematical models of atmospheric pollution 
used in tbi^ paper were made sufficiently simple to avoid too ex¬ 
tensive numerical computations.. A more complete and more correct 
analysis may require the use of high-speed electronic computing 
macliines* Some use of high-^speed computing technique was made, 
in cooperation with the Nation^ Bureau of Standards to evalu¬ 
ate the applications of these techniques to atmospheric pollution 
studies. It appears that high-si>eed computing techniques can be used 
profitably, not only to obtain very rapidly resolte similar to tJiose 
described before, but also to fonEcaat probable pollution patterns 
fast enough to be able to take appropriate precautions when danger¬ 
ous contamination levels are expected- 

The results discussed in the preceding sections were based on aver¬ 
age meteorologicid conditions corn^sponding to a selected month ol 
the year, and th^ variations as a function of the hour of the day. 
On each day of the month flie meteorological conditions depart from 
this average. One can, of course, use as a basts for tiie analysis the 
meteorological conditions for each particular day and as ii rcanlt 
determine much more correctly the concentraiion patterns. Since 
the use of mathematical models of atmospheric pollution requirea ex¬ 
tensive numerical computations, such an analysis wUl be practical 
only if high-speed oomputing techniques are used, A method of 
civil defense against radioactive pollution involving the use of high¬ 
speed computers was suggested some years ago [143+ Similar meth¬ 
ods show promise of success in problems of peacetime air pollution 
of urban ai^as and can be iii=ed not only to analyze data on atmos¬ 
pheric pollution and urban planning but also on an o|>erattonal basis 
in the control of atmospheric pollution. 

In an area to be protected from pollutants we place a net of instru- 
ments measuring the directions and the magnitudes of the mean wind 
velocities, the character of the turbulence, and ether meteorological in¬ 
formation such as, for instance, the characteristics of the temperature 
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mV€i^ion. If tiie cxpectod degree of contamination is determined 
before dangerous eoncentratiotis are reached, then the operational ex¬ 
penses of many methods of poEution abatement as well as the inTBst- 
ment in special control equipment could be greatly reduced Evacna- 
tion into the atmosphere is indeed one of the best and most economical 
methods of disposing of pollutants. If we are able to detennine the 
periods of tim^ when such evacuation can be made without danger, 
then during those periods the use of the special equipment or special 
fuel will not be necessary. It ifs therefore important to determine the 
unfavorable conditions much more correctly than a human forecaster 
is able to do,, since any action to reduce the emission of pollutants dur¬ 
ing tlie unfavorable time will be expensive. The meteorologist would 
alert the computing center whenever there seemed to he a posaibility 
of unfavorable meteorological conditions* The computing center 
wonld then take over the problem of continuously following the mean 
wind velocity pattern, the turbulence characteristics, and the tempera¬ 
ture inversion in the area. From these data the concentration of pol¬ 
lutants which may be reached over the area will be computed. At 
some chosen points of the area the concentration in contaminonta will 
be measured and the remilts relayed to the computing center to im¬ 
prove the precision of the computation. The high-speed cornputation 
will determine what the expected concentration distributions will be 
if the operation of tlie sources of poUutian continues without change. 
If, at any point in tlie protected aiua, the occurrence of a dangerous 
concentration is predicted, action would have to be taken to reduce the 
emissiDn of pollutants. It will be possible to determine w'hich indi¬ 
vidual sources contribute most to the dangerous concentrations, smes 
the computation is done by adding the effects of tlio various sources. 
One will then find what the effects of ehutting-down or reducing the 
production of pollutants at some of these individual sources will be on 
the predicted concentrations* As a result it may be stiiBcient to take 
such action at only some of the sources of pollution and limit the ex¬ 
pense and inconveuience to a minim uhl 

URBAN PLANNING 

A growing urban area must expect an increase of atmospheric pollu¬ 
tion unless a greater effort in its abatement measurea balances the 
effects of additional sources of poUntion* As an example, we shall 
use again Los Angeles County (or rather the mathematical model 
representing the County) and forecast the mean concentration at the 
Califomia Institute of Technology for 1060 and 19E0, This forecast 
will be based on data eonceming the future increase in population, 
fuel consumption, and 00 forth. To simplify this computation, we 
shall use the same maniematical model of Los Angeles County os we 
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have used before. The rcstilt illustrated in figure IS is detertniued for 
the mean com^etitratiou of the most “important’’ poUutants, In this 
figure, the curre for 11^54 is the same as the one already shown on fig¬ 
ure 11 1 the results for 1060 and lOSO assume that the abatement meth¬ 
ods have the same efficiency as those for 1954. If we asnme t^iat the 
allowable tlireahold concentration is, say 0*020j then the mean concen¬ 
tration for 1960 will be larger than this allowable tlireehold value 
between 8 a. m. and 8 pi fib, and in 1980 from 7 a. m. to 8 a. m* of the 
next day, as against the period of 10 a* m. to 3 p. m. for 19&4. In 
our mathematical model, these results correspond to the same unetcoro- 
logical conditions for each of the three cas^ Obviously^ the probable 
number of days when the meteorological couditions will be favorable 
for high conceutrationa of pollution in 1960 and 1980 will be larger 
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than in 1954, If the frequency and the severity of ubove^allowahle 
concentration periods should increase in the future city, then it must 
be carefully considered by the city pknners. Indeed, in that case, tlie 
pollution situation is one of the parauieters that must be taken iulo 
account when projecting; the population gidns into the future- 

The problem has some similarity to the well-known interrelation¬ 
ship between rabbits and grass. If a large amount of grass is avail¬ 
able, the rabbity having stifiicicnt food, reproduce rapidly. But, with 
their increased number, they consume more and more gras® and finally 
lack food. This in turn resnlts in a lower reproduction rate and a 
drop in the number of rabbits. Following that more grass grows, more 
rabbits appear. As a result of this process, botli the amount of grass 
and the number of mbbits may fluctuate over several years. In atmos¬ 
pheric poUutioUj it is quite possible to have a siTnllar problem* although 
it w^ill iilTected by more than two factors. 

Let U5, for instance, consider the development of an urban area sur¬ 
rounded by rural areas and let us assume that the area has at pre^nt 
enough pollution to cause concern. If for some reason this urban 
area attracts new inhabitants and new industries, then this will result 
in an increase in atmospheric pollution. Following this increase, the 
urea may become less attractive to new inhabitants and the rate of 
growth eipceted by the city planners may drop. In addition, the 
rural areas may become so contaminated that a larger quantity of crops 
uiul livestock is destroyed* Much of the necessary food, the quantity 
of which increases with the population, will then have to be brought 
from greater distances. This may or may not result in an increased 
transportation problem, which would be followed by added pollutanta. 
It will, in any case^ increase the living costs, which again will affect 
the attractiveness of the iirhan area to new inhabitaiita. On the other 
lumd, some discouraged farmers may decide to give up their farms 
to an industrial or residential expansion that, together with the pos¬ 
sible growth of surrounding cities, will increase the pollution of the 
urban area* 

To these varions effects, one must also add tho^ that will have m \ 
influence on the population that still remains in the expanding urban 
area. The increased health ha 74 ird and the higher probabihty of lethal 
concentrations of poUudon may have disjLstrous consequences. Such 
disasters may not necessarily re^^iilt in a reduction of the population by 
death, but they may cause some of the inliabitants to leave the urban 
area. Although we have not included all the parameters that have an 
influence on the population growth, it should 1 m obvious that thia 
procesas is more complicated than the one concerning rabbits and the 
gra^ It may, however, be follovred in a similar way by a fluctuation 
of both the number of inliabitants and the level of contamiimlion over 
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a number of years. This discussion may or may not apply to Los 
Angali-g County, but it is pieseiited at this time to indiaitB the need 
for including in city planniuj^ an air*JCGnin^ and atmospheno-pollU" 
tion control study. Altiiougli one should expect that tlie future will 
bring many practical solutions to atmospheric poUutioTi control, such 
expectations cannot be included in a serious planning of urban dereiop- 
ment. 
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Hurricanes 


By R, C Gentry and R. H, Simpson 

A’afiona/ Hunkane Raear^h Pnjtet 
Vt St Feather Bureau 
Fe$t Palm Beach, Fin. 


[Wltb 1 elate] 

iNTEODUCnON 

HtrsKiCANEH have been very forcibly brought to the attention of a 
large portion of the population of the United. Stiitea during the past 
few Tears. Hurricanes Carol and Sdna sueceEsivcly battered the New 
England coast in 1954 within a 2-week period. There had not been 
a hurricane to affect this area seriously since 1944, and many of the 
local residents belieTed that they "were well outside the nvaiu hurricane 
belt. The situation became worse one month later when Hazel brought 
gale-force winds to the New England area and almost total destruction 
to certain portions of the North and South Carolina beach^ 

Hazel was the moat severe storm to hit the Cape Fear area of North 
Carolina during this century, but in 1955 within the 6-week peri^ 
from August 12 to September 19 three more hurricanes, Connie, 
Diane, and lone, entered the North Carolina coast. This made four 
hurricanes that penetrated the North Carolina coast within a distance 
of about 100 miles within one 11-month period. Although Hazel was 
the most destructive of these four storms in North Carolina, the floods 
caused hy the rains of Connie, Diane, and lone were record-breaking 
for much of eastern North Carolina. 

As though to show her impartiality, nature sent two violent hurri¬ 
canes and one lesser tropical storm into the Tampico, Mexico, area 
during the 1955 season. These hurricanes were Hilda and Janet and 
tropical storm Gladys. The first two also laid waste much of the 
Yucatan, Mexico, area. 

Although the concentration of hurricane activity in North Cftrolma 
and the Tampico area during this period was unusual, it has been 
matched in other years at other places. In 1916-^11, Mobile, Ala., 
was aJIlteted with three hurricanes, with wind speeds in that city of 
107, 128, and 9S m.p.h*, respectively. One of these aiso caused ocean 
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tides to rise 11.6 feet above normfil. In 1947-48, Miami, Fla., was 
battered by four hurricanes. 

Hurricane Janet of 1955 was one of the greatest recorded in 
meteorological history. Dunn, Davis, and Moore [7] * list the lowest 
reliable eeadevel land barometer readings of record in the world ns 
follows: 
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When Janet passed over Chetimial the winds were meafanred at 175 
m.pvK before the anemometer collapsed The wind continned to in¬ 
crease^ and the maxiniiim speed was estimated in esce^ of 200 tn.p.h^ 
Thus, Janet had the second lowe^ barometer reading ever observed 
in the Western Hemisphere imA had winds estimated in asce?® of 
200 m.p.h. 

From the meteorological viewpoint, the 1054 and 1055 seasons offer 
several items of special interest: (1) The great acceleration in speed 
of forward movement by Carol, Edna, and Hazel; (2) tho lack of 
acceleration of hurriauie lone after reaching the latitude at which 
hurricanes Carol, Edna, and ITas^el had accelerated so rapidly; (3) 
Hazels and CaroFa maintenance of great intensity after moving into 
northern latitudes and after traveling over land; (4) recognition that 
the flood resulting from hurricane rains is the number two killer and 
destroyer among the hurricane forces, ranking nest to the storm surge 
(the storm surge ns used here refers to the rise of the ocean surface that 
usually precedes and accompanies a hnmeane^s passage acro^ the 
coastline), and ahead of tlie hurricane winds as a destructive force; 
and (5) the sldft in Imrricane tracks from the United States Gulf coEist 
and Florida areas to the North Carolina-New England area. 

After the 1354 and 1955 seasons, people in the northern States aban¬ 
doned their former custom of labeling most hurricanes as Florido 
hurricanes, regardless of where they origiuated. Figure 1 presents 
tlie tracks of all tropical storms and hurricanea for 194T, at which 
time most of the storms were concentrated in the area estending from 
South Caroliiiii to Texas. Tracks of most of the important storms of 
the 1954 and 1955 seasons ai'e given in figure % find the^ illustratci 
why hurricanes are no longer automatically labeled as Florida hurri¬ 
canes. During 1954 and 1956 not a single tropii/al storm of huiri- 
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Fichu 1.—^Tracts of hiKTieanEs and tropical of 1947. 


cauB intensity fiiiteccd Oib TJmtcd States coast from TeiiS) around 
Florida, through Georgia, but, as mentioned earlier, ^ storms rav¬ 
aged the United States coaEfb from North Carolina to New England. 
This radical shift in pattern can 1« illustrated by comparing figure 1 
with figures. 

Such radical differences in paths as those indicate have caused 
speculation as to the possibiJity that the area of hurricane incidence 
has shifted from southern United States to northeastom United States. 
To investigate this pwint, research has been performed by the Office 
of Climatology of the United States Wcatlicr Bureau. In figure 3, 
thn occurrence of tropical storma witliin the various coastal sections 
lown chronologically. The graphs in this figure show that more 
affected northeastern United States and the North Caro- 

. the past two years than at various times since 1887. There 

have been long periods when storms did not affect New England, for 
instance, hut there have been other periods when hurricane fr^uency 
in QorthUstern United States was even greater than it was during 1 prri 
"i’-i 1955. It is evident, therefore, that the recent shift in tracks does 
lecessarily indicate a semipermanent relocndon of tlie hurricane 
aliej. 
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2.—Trtcka of nkdat q£ tbe mijKirtaDt huTTidDM find oat uopical ftonn tiic 1954 
End 1955 Hfia^na, 


Tho type of damage caused by a hmricaiie paries with the character- 
ifitic of the etonn and the nature of the terrain aO^ectedi and reaulta 
mainly from (1) high winds, (S) floods resulting from the heary 
rains that are typical of most hurricanea^ and (B) inundations caused 
by the j^orm Hurge* When hnrricane Janet crossed Swan Island 
in 1055j all trees were blown down^ and nearly every bom 
the island was either destroyed or seTerely damaged; but 
person was killed. Hurricane Diane tensed very little wind damage^ 
but the fiooda that were triggered by the raina killed many people and 
caused property damage estimated at about 1 bUlion dollars. The 
amount of damage caused by the hiirrit^ne winds is largely dependent 
on the type of building code enforced in the ravaged cities. The dam¬ 
age from floods is usually much grCEiter in mountainous areas than on 
flat terrain. Wl^cn a foot of water falls on relatively flat land, the 
people are inconvenienced but few are drowned* The same amount 
of water falling over a range of mountains may start a flood that will 
drown people 150 miles or more away where perhaps there had been 
no rain. The imindations caused by tbe storm surge are greatly de¬ 
pendent upon the dope of the Continental Shelf and the elevation near 
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the c(mst* Tima, the forc<;aating problem Yaries for dlilerent areas 
as well ns for different stonns affecting the same area. 

In this paper we skall discuss some of the things we have learned 
about hurricanes in the past few year% the various forecasting prob¬ 
lems connected with storms, the research tieeds, and the nltliiiate po¬ 
tential for making accurate forecasts of hurricane inception, inicnsityi 
and movement. 


ADVANCES IN KNOWLEDGE OF HURRICANES DURING THE PAST DECADE 

TVhen CoL Joseph B. Duckworth piloted a single-engine AT-G 
aircraft into a hurricane near Galveston^ Tex., on July 2T, a 
new era began in the collection of data about hurricanes [22], Pro- 
Tiously, surface ship reports were almost the sole source of data con¬ 
cerning hurricniies until the storms approuched land. Once advisories 
were Issued concerning an existing hurricane, surface ships tended 
to avoid its path. Tims in previous years each improvement in the 
hurricane warning system usually resulted in less (Tata being available 
to the forecasters and to research workers. Witliin a year after 
Colonel Duckworth’s first flight it was routine procedure for recon¬ 
naissance crews of the Air Force and Navy to make regular penetra¬ 
tions of the violent storms from the Tropics. The development of 
radar during World War IT made available another powerful tool 
for the hurricane service. Both when carried aloft and wheu used 
from ground stations, radar equipment made possible observa¬ 
tions about hurricanes in greater detail than ever before. Bawinsonde 
ef^pment for measuring the winds, pressure, temperature, and hu¬ 
midity of the air from the ground to levels above 100,000 feet Imvo 
come into widespread use in recent years. The additional data col¬ 
lected in recent years by aircraft recoonalseance, radar observations 
of hurricanes, and from an expanded network of upper-air sounding 
stations have made possible increased understanding and knowledge 
of hurricanes and greater efficiency of the hurricane warning 
service. 

We now know mucli more of the varticftl distribution of winds in 
hurricanes. Prof. B. Ilaurwitz in 193B [9], after computing tlio 
difference in air density that would be required to (munterfaalance the 
difference often observed across a hutricanc in air pressure at sea 
level, deduced that intense hurricanes must extend to above 30 OOO 
feet. This has been verified. In general the winds of n hurrii^ane 
vary relatively little from the surface up to 10,000 feet. From there, 
up to ^,00^50,^ feet (depending upon the characteristics of tlio 
mdtviduaj hurricanes) the winds gmdually decrease with height. 
Data collected durmg hurricane lone of 1&55 and hurricane Betsy 
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of 1956, howeTBr, indicated tUat on particular days in those two storms 
the masimum wind speeds were about the same even at 20,000-30,000 
as at the anrf ace. 

Data collected by the reconnaissance crews and by radar have dem¬ 
onstrated that hurricanes are much more complicated than was thought 
a centurv ago> 'I'he spiral rainbend was one of the earlier discoveries 
of the radar meteorologists (pb 1). Most of the heavy rain in hur¬ 
ricanes occurs in rainbands that spiral in. toward the center of the 
storm. Between the bauds, rainfall is relatively hght, and near the 
outer edges of the atomi there frctjitently is no rain at all between tiie 
bandsL To some extent the highest winds are also associated with 
these spiral bands. Reconnaissance has also brought out the fact that 
in tracking the hurricane several different kinds of centers may be 
speciffed, and these centers do not alwajre coincide. These vmious 
centers aroj (1) The center of the wind circulation, (2) the jjoint^of 
lowest air pressure, and (3) the point around which the spiral rain- 
bands or cloud streets rotatei. In general, the location of these various 
centers may differ by as much as 30 miles, depending upon the rate 
of storm travel. Many of the earlier writers described hurricanes 
as symmetrical circular storms, W© know now that most hurricanes, 
particularly moving ones, are not symmetrical—the winds are much 
stronger in some quadrants, the rain area extends out farther in some 
quadrants, there are asymmetries in the cloud structure, and all three 
elemente tend to be concentrated along spiral bands. 

Hurricanes frequently move along an irregular path that oscillates 
about the relatively straight or smooth curved path tliat the ston^ 
were depicted as following in track charts prepared before the iW's. 
The mot© frequent fixes obtained in recent years confirmed the® 
oscillations, some of which have a relatively short period of 3 to 6 
hours duration, and some w’ith a period of 12 to 36 hours. In recent 
years these oscillations have been attributed to forces within the hur¬ 
ricane ( Yeh [25]). 

It has been well established that the prinia^ energy source for 
hurricanes is the warm moist tropical air that is found in the areas 
where hurricimes form. As this warm moist air converges In toward 
the storm center, it accumulates additional latent and sensible heat 
from the warm ocean surface. Near the center the air rises rapidly 
(fig. 4) and most of its water vapor U condensed to liquid water, 
thus releasing great quantities of latent heat. Only a small propor¬ 
tion of the heat energy thus released U converted into kinetic energy 
for driving the hurricane winds, and the mcehan'tsm for transforming 
the ener gy still remains pretty much a mystery. 
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FidUHE 4. Cpoh Kcdan thrangh a hypotJicttHl huttinac ibowing t higMy KtEmitizjcd 
model of pan of the Teriiol cimiUtion. 


tlDRItlCANE FORECASTINC 

Tlio forecast problem may be subdivided into six units: 

I4 Forecasting tnceptioiL 

2l Forecafitlng the lUDvemeat of the huriicane. 

a. FptTCJiBtliig elmnges of liitenelt^. 

4 Foreeaitiiig the rainfaJI reisfiJtliig fjpom the hnnicAite. 

Gi Forecasting aoodg associated with harrleaiie& 

^ ForeeastlJig the height oC the storm aiirgO'. 

1. inceftion of nnaaic^NES 

During tba past century^ tropical meteorologigts thought tropical 
storms deTelopcd wBeii there waa excessiva heating some place in 
the Tropica. The heated air should rise and cause clouds iritli great 
vertical devrelopment and shoirers. The explanation was giTen that 
tlie more intense the heating, the heavier ^came the showerg uatil 
finally a storm formed. Close examination of the data, however, 
revealed that hurricanes formed in areas wliere there waa very little 
change in the sea-surface temperatures for great distances The 
theory that hurricanes were formed by intense heat merely asso¬ 
ciated the shower activity with the storm formation and offered no 
definite mechanism for organizing the ghowera into a circular pattern 
and furnished no means for predicting whetlier the tropical storm 
would form. Since showers occur over the tropical oceans during 
mucli of the year and since only a very small peixentago of even 
the arc^ of heavy showers ever develop into tropical cyclones, these 
are serious limitations. Among the first mechanisma suggested for 
concentrating and intensifying the disturbed areas into tropical 
storms was the Iforweglan model of an unstable frontal wave. In 
this model a front is the boundary surface between two masses of 
air that come from different source regions and that have different 
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densities and moiattiro content. Under certain conditions a 
fomis along aueli a boundary and if it becomes onstabic it may release 
enough energy to causa a storm to develop* Such occurrences are 
frequently observed in middle and northern latitudes in \sdnter, Tliis 
idea as applied to the Tropics had to be abandotied as it became rec¬ 
ognized that true fronts seldom^ if ever, exist over the tropical oceans. 
Another serious limitation of this csplanation was presented in a 
paper by Gordon Uunn in 1&40 [5]^ which showed that many of the 
hurricanes in tlie Atlantic formed in easterly waves (deformations 
in the steady trade-wind flow) entirely wiUiin a single air mass 
where there was not even a suggestion of a front of the Norwegian 
unstable fzx^ntal wave type. 

It 13 now well known that hurricanes form only over the tropical 
oceans where the water temperature is high, at least EO'* and in most 
00^ to 85'^ (Palmen [13] and Fisher [8]), and where showers 
are occurring. The higher ocean temperatures are required for hciit*- 
ing the air until it is buoyant and for making it possible for the air 
to hold a suflicient amount of water vapor. (Warm air will hold more 
water vapor than cold air; hence, w'arm air makes possible the release 
of a greater amount of latent heal when the moisture is condensed from 
tha rising air.) 

For a hurricane to form it is necessary to have w ann moist tropical 
air and to have a preexisting disturbanoa in the normally steady 
trade-wind regime of the Tropics. Tliese are necessary but not suf- 
fie lent conditions. Only a relatively ^all percentage ol the tropical 
disturbances that frequent the Caribbean area in the summer ever 
reach hurricane intensity. It is obvious that something else ig re¬ 
quired. It has lieen suggested by various investigators, notably 
Herbert Riehl [16] and J. S* Sawyer [18], that the upper-level flow 
patterns furnish the key to inception. It seems rather obvious after 
studying structure of hurrJcanes that there must be horizontal coO" 
vergenca of the air flow in the lower levels and theca must be hori¬ 
zontal divergence of the air flow at some upper level. Piofe&sor 
Rieh], m his study of formation of burrScanes, has suggested tlmt at 
about 40,000 feet there are certain flow patterns that help to evacuate 
air from the incipient storm area and are conducive to the forma-^ 
lion of hurricanes* It is hoped that the additional data now being 
collected will reveal sufficient details concerning the structure and 
energy processes in hurricanes to moke it possible to define both the 
necessary and sufficient conditions for their formation* 

1, mjaaicAMT ucnviouiT 

Hie theories as to Tfhat makes a hiirirkane move may be divided into 
two classes: (1) Those attributing the movement of a hurri^e to 
internal fort^ within the hurricane itself, and (3) those attributmg 
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the movement to eiternnJ forces. In figure 5 there is gliown ache- 
matically the winds of a Jimricane broken into three components: 
(a) Those tani^CLt to r otrcle 'with a epofhl ranfln^ from IT! to ISO 
(1)> Thoae toward or outiii'ard from the center (in Uio lower levels the 
wlnrla oBtiaJlj buve an Lawiird coniponant and at hl^b levda the wtmiB 
have an ootward coEDponeat)^ The ap«ed ran^ np to 35 m.pJi. or 
more in lower lovelfl. 

(c) The hmlc current Id whJcb tba hnrricimje la Imbedded aud in which 
the Sliced varLea from hto up to abont BO ni.p.tL ivltb tho average 
belag uear IS m.p.h. 
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Ficctri S —Scbenutic pmentatioo of the wmdt of 4 hurricaflc acpirated bio thm fompo 
iwnta. {In aetuil cmh the ttreogcli df the varbut cxnnponentt ii yanally difermt in 
the varioQj quadrauti □£ the itorm and for different ladti-) 

The external forces are tisually uttributed to this basic or ‘^steer- 
in^’ currant Since in actual casos it is veiy difficult to separnte the 
basic enrrent from the other two components} forecasters liave devised 
many methods for estimating the contribution of “steering” to hurri¬ 
cane movement. It is now generally agreed that most of tlie rapid 
forward progress of hurricanes can be accounted for by the effects of 
the basic current, and that a hurricune moves in approximately the 
same direction the basic current ia flowing. 

To determine if tlie steering current caused a hurrienna to move, 
Elizabeth Jordan [II], while working at the University of 
Chicago, made calculations from mean data. She computed the oteer- 
nig current baaed on mean winds from an area ranging from 120 to 
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2^0 nautical miles about the center of the hurricane at all levels up 
to SOjOOO feot. Duliiiuig the pressure weighted mean of the winda in 
this ring a 3 the steering current, she found that it was 9.7 knots in 
the direction in which the aTerage hurricane was moving. The average 
speed of motion of tJie stoma included in tliie study was 11 knots. 
This difference is fully within the limitations of the data* Mrs, Jortian 
also computed dte component of die basic current perpendicular to 
the main movement of the hurricanes and found it to be Ic^ tJuui 1 
kiioL It follows then, in the mean, that tropical storms move in the 
direction and with the approsimate speed of the steering current 
when the steering current is defined the presura weighted mean 
flow from the surface to 300 mbp 

The internal forces result from interaction of the other two circu¬ 
lations, namely, the tangential and radJul components of the wiodS| 
w'ith each other and with the basic current. Asymmetries of the 
circulatiou iibout iv hurricane and Email-scale circulations imbedded 
within the hurricane wind field also contribute to the movement of 
tha hurricane as a part of the internal forces. Since the tangential 
and radial components of the wind vary from time to time and differ 
in various sectors of tie storm, their interactions build up forces which 
could reasonably be expected to cause changes in the dir^tion and 
speed of movemen-t of a hurricane* Low-level wind data and radar 
observations of hurricanes indicate that locations of ereas of maximnni 
mass convergence in tie lower levels vary considerably with respect to 
the hurricane center from storm to storm and fiom time to time in the 
same ^orm. It has been calculated ti^at the hurricane that passed 
over southern Florida lU^d Xew Orlenng, La., in 1047 drew 2 to 3 
billion tuns uf air per miunte into the hurricane circulation thru ugh 
iiiB lower levels of the storm and presumably retnmEd the 
ainotmt of mass to the eairronnding atmosphere after expelling the 
air fiom the storm at high levels. It should not, therefore, be assEUne^l 
a priori that the internal dynamics of the storm itself play nn insign jfi- 
cant role in the over-all physics of hurricane movement 

Let ns discuss two of the internal forces tlmt have been investigated. 
Even tt casual inspection of hutrScane tracks will reveal that most of 
the stoma have some northward component. This suggests some in¬ 
ternal force. Dr. C. G* Eosshy [17] argues tiiat tile northward accele¬ 
ration can arise from the variation of the coriolis forces across the 
widtii of the storm. (The coriolis is an apparent force caused by the 
movement of air across a rotating spheroid and varies directly with 
the sine of the latitude.) In general, the northward acceleration ac¬ 
cording to the formula developed by Eossby wiE be greater, the more 
intense and tlie larger the hurricane. Dr* Goorge P* Cresaman [4] 
estimated that the magnitude of thia northward force would probably 
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vary from ooe-half to 2 knots per day for tJb size Btorms tliat occur 
most frequently in tiie Atlantic, He furUrcr estimated that for the 
very large typhoons that somet imes occur in the Pacific the magnitude 
of this acceleration might be as much as knots per day. Mr, Ando 
in Japan made a statistical study and found that^ on the average, 
intense typhoons move faster to the north than weaker typhoons. ^ 

Dr. Tu-Cheng Yeh [25] has described another iittemal meehaniam 
that results front the fact that superposition of a vortex on a steering 
current is nonlinear. This fact becomes manifest through small oseil- 
lations witli amplitude of 0.5" to 2® of latitude and with a period of 
12 hours to 2 days for the normal range of the observed winds, ac¬ 
cording to Dr. Yeh. Yell has developed formulas for computing both 
the amplitude and the period of oscillation, and both of these quan¬ 
tities v’ary with the wind speed, the size and intensity of the storm. 
Post-storm analyses of many hurricane and typhoon tracks indicate 
that there is some oscillBtion aimilar to the one winch Yeh described. 
Insufficient data hava been available for fully testing the theories of 
Dr. Teh, and most of the use that has been made of his ideas in fore¬ 
casting have been by extrapolating a suspected oscUlatioa into the 
future. 

CDHMONLY IiaED TOAtiCAST IfETnODS 

St(ttistieal approach.—C* L. Mitchell [13] and I. S. Tannehill [23] 
have prepared summaries of hurricane tracks by months which have 
been publ Ished. Jos5 Colon [3] li as extended the work started by these 
two and has computed for each 5“ square of latitude and longitude the 
percent frequency storms have moved along each of the 16 principal 
directions. He also calculated the probability of a displacement along 
the modal direction and the average speed of movement ^fig, 6), When 
data are sparse, frequently tho best forecast that can be made is one 
based on charts aimilar to those prepared by Colon. Fortunately, In 
the tropical Atlantic area where we ordinarily have very little data, 
the statistical approach seems to work very well. Even when data 
are available the statistics can be used as a rough guide to what ft hurri¬ 
cane is most likely to do. 

Perfistence of past movement .—Probably the most commonly used 
method of forecasting hurriciuie movement is the BOHjafied ‘‘path 
method.” This consists of extrapolating a hutricane movement into 
the future on the basis of what has happened in the past 6, 12, 
or 24 hours. Although extrapolation need not consist of projecting the 
burricane path forward along a straight line, that is the way it is used 
most commonly. The “path method” integrates the effect of both 
the internal and the external forces. If one may assume that the some 
steering and internal forces will be actiog in the next period, the “path 
method” should give very good results. In this statistical work, Mr. 
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Colon [3] has computed the probabilities that the track would not 
deviate more than lO” in direction in the nest S4 hours from the path 
followed the previous 24 hotirs- He foimd that during m«t of the 
hurricane season straipUt'line extrapolation gets results tliis good at 
least 80 percent of tlie time in the area south of 20“ JJ. 

Steering—As early as the begiimiiig of the twentieth centu^, we 
find esamples in meteorologictil literature suggesting that hurricanes 
are steered by the winds around the Bermuda anticyclone. Only 
slightly Inter articles were published emphasizing tliat hurricanes fol¬ 
low the course of ciiTUS clouds moving out in advance of the hurricane 
center. Kdward H. Bowie [1], C- L. Mitchell [12], Gordon E. Dunn 
[6], and later writers have all suggested that we use the winds around 
rhn hurricane to estimate the future movement of the gtonn. 

Grady Norton, formerly in charge of the huiricane forecasting office 
in Miami, has been the most successful user of what be called “tiie high- 
level steering technique.” In picking the “ateering level” he would 
esamittfl the wind charts at successive levels from near the ground up 
to 50,000 or 60,000 feet. 'Working up from the ground he chose as 
the “stcoriog level” tho first one at which the vortical circulation as¬ 
sociated witli Gie hurricane seemed to disappear. He then would 
predict that tlie hurricivne would move in the direction in which Gie 
winds at this level were blowing. 

Many other “steering techniques” have been devised—e. g., low-level 
steering, from wliich it is argued that the hurricane moves with the 
winds at low levels; and warm-tongue steering (Simpson [20]), on 
which is based the ^eory that a hurricane will move parallel to the 
axis of a warm pool of air that usually protrudes in advance of a hurri- 
cjine, 

ABOWA The most widely discussed new forecasting 

method of the last two seasons was the one developed at tlie United 
Stptca Navy’s Ibroiect AKOWA, under the leader^iip of Professor 
Riehl and Commander Haggard [14]. Tilts method also makes use of 
“steering.” To get an estimate of Gie basic current, tlie SOO-mb. (about 
10,000 feet) map is analyzed. The mean wind at this level is com¬ 
puted for an wea that extends 7%'^ of lougitudB east and west of tho 
storm center and from 5” south to 5' to 10" north of the storm center. 
The storm is then forecasted to move at the approximate speed of 
the wind through tliis area, corrected by a relatively small empirical 
factor. This method has bean used widely hy the various iiurricane 
forecast cetitera for the last two years. Results have varied from 
office to oGice and from storm to storm. Although the technique itself 
is ob|ective in nature the results are entirely dependent on the quality 
of the analysis of the weather map at the selected level which differs 
widely from one analyst to another and from one day to another, de- 
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paodiiig upon the sjnoimt of data avftilablfl. Professor Bichl and 
CorriDiander Sanborn of Project AIIOWA mfide a series of forecasts 
during the 1955 season in whidi they foimd that the aTerage error for 
4T forecasts made 24 hours in ad^'ancs was 63 nautical miles. These 
results arc somewhat better than those obtained using the AEOWA 
tedmiqne at the TarioKS hurricane forecast offices. 

A'l/fnencaZ lDu5 and 135t! ostensive tests were 

uiadc using numerical prediction techniques to forecast movement of 
hurricanes, and these fonecaste Jiave competed in quality with those 
made by other methods. Forecasts made by the numerical prediction 
technique in current use are also based on a form of ^‘steering.” This 
technique has the advantage over many of the others, however, in tliat 
it is purely objective. As improved and more realistic mathematical 
models of the wind circulation become available for use in numerical 
pi-ediction, there should be continued improvement in forecasts made 
by this method. 

SPEOAli PfttJULItHS m FOMICASTlNa KLl^^lCAKE MOVXMEJCT 

So long as tlie hurricane oontinues to move along the same path at 
appro?:iniate]y the same rate of speed, either tl^ie petsistence of the past 
movement or tiie statistical method of forecasting usually gives gnutJ 
results. Unfortunately, in the areas near the United States coast, 
hxirrieanes frequently change their direction of movement and irill 
often accelerate or decelerate in their rate of forward movement. 
Hurricane Carol of 1954 and hurricane lone of 1955 are two atorma 
that illustrate one of the problems continuidly facing the forecaster. 
Wliile huiTicane Caro! was located soutii of Cape Hattcins, N. C., it 
had a net forward speed of lesis than 3 m^Phli. over a period of 60 
hours. Then, within a period of a few hours it had accelerated mitil 
it- moved at a rate of about 40 m.pJi. Hiirricufie lone, by contrast.j 
moved toward the coast of Nortli Curolina at a rate of 15 to 20 m.p.h. 
Until the time it crcEscd the ooastlnie- lusted of accelerating, as 
hurricane Carol had done, it slowed down, made several loops in its 
course, and had a net forward speed for several hotirs of only 2 to 3 
lELpJi. Whereas hurricane Carol had moved in the diivction be¬ 
tween north and north-northeast at about 40 m.pJi. from the vicinity 
of Cape TTatteras, N. C., to Long Island, N. hurricane lone turned 
suddenly toward the east and east-northeast as it left to coast of 
Xorth Carolina just a few miles south of Norfolk, Va., and moved out 
into the Atlantic ocean. 

Figures 7 and S are surface nmps of hurricanes Carol and lone when 
they were near Cape Hatteras, N* C. An inspection of these maps 
wiD reveal few cluca as to the widely different types of movement that 
were to follow. It was pointed out earher that wa have learned that 
the movement of hurricanes is largely controlled by the flow of air 


316 IKNTJAL BEPOfi'r SMITBSONIAN mBTlTUTlON, 



FlCtJU T.^^urfaee ireitbcr map at tlic time when hurriune Caml iraj accelerating rapidly> 
Wlthm a ffw Inun (lie ibarm waa mating north-narthcaatwird about 40 m.pji. 


around them, up to oomparatlrely high altitudes. To illu^rato the 
point, figure 9 shows the 300-nib. map (about 30,000 feet) when Carol 
(shown by tropical stomi symbol was located east of Jackson^ 
Tille, Fla., ond was moving slowly. At the 800-mh. level the winds 
usually blow in a direction approximately tangent to the contour lines 
and vary in speed inversely with the space between the contour lines. 
From the contour lines we can deduce that the air currents around the 
hurricane were veiy weak end variable in direction. If the liurricane 
had been farther south in the moderate easterlies, then about 20 m.p Ji. 
at Havana, Cuba, it would have moved faster. Figure 10 slvow-s the 
300-mb. map at the time ’when Carol was moving northward at about 
40 m.pJi. The close spacing of the contour lines indicate that the 
wind should be strong southerly all around Carol. At Washington, 
D, C., winds were about 6S m.p.h. at 31,260 feet, and at Caribou, 
Maine, they were south 35 m.p.h. at 19,000 feet. The long, heavy 
arrow- in figure 10 extending from Capo Hatteras, N. C., through New 
Hampshire mto Canada shows part of the track of CaroL 
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Figija£ I,--Surface we&ther ms.^ at ihe utu^ whes burricaitt Iode wu fflGvmg vtiy ibwlir 

uwKT^ tbc u^L-Dartiicaet. 


Tlio effect of the upper air flow on the moTement of kniTicaiie lone 
is shown in figure 11. At tli* time the map was made, hurricane lone 
was beginning to move tow ard the east-notthenst- The cODtoux lines 
indicate a stroug flow from the west only a abort distance north of 
hurricane lone and this indicates that hurricane lone could not move 
Tciy rapidly toward the north. (The wind direction and speed in 
knots are mdlcated on the map for Washington, D. C., Portland, 
Maine, and Xantucket, E. L Several horn's earlier when the Btonn 
centci: was still over North Carolina the high-level circulation was not 
as well defined and it was not obvious in which direction lone would 
move.) A few hours after the time of the map, hurricane lone drifted 
far enough north to be affected by the strong winds blowing toward 
the east-northeast and accelerated rapidly in forward movement. 

L tNTOfsmr 

The third major forecasting problem for hurricanes is that of fore- 
coating intensity, which to some e^nt, overlaps the problem of fore¬ 
casting inception. As used here, forecasting of inception refers to 
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PlGijE£ 9.—Tb* iOQ-mb. CQftWfur Piap wjica hunicafte Caro! wai n^rl^ itMtioD=TT 
jAckionirillF, FJi- (&ee tmptcal itann symbol S J Thii map portraya tlic prMs 
tribution at abcmt tbc JOjOOO^Ibot levd. THc wind Eow a usually aSmaet paraUd m 
dirtcdp'ii of the wntoura (cDaniErdotkwiie arouiid die hi;fh prtssufc [H]) ami tbe wind 
sfHed variei uivex*ely with the apace between the oanmur liaet. 


the transformation of a disturbance in the Tropics into a tropical storm 
that has a Tortical circulation, maximnin wind speed of at least 40 
knots, and a center in which the winds are rdatiTely calm. The wind 
speed, however^ is more likely to be at least of hurricinie intonsityj that 
is, 75 m^pnh., before the end of the inception period. Forecasts of 
intensity are those made after the tropical stonn has formed and has 
already become a menace to the life and property of communities that 
stand in its projected path. 

In the hurricane senrice, warnings are ordered for an area at any 
time when the winds arc expected to reach hurricane force^ Ko 
stronger warnings are issued regardless of how much the wind speed 
Sb expected to exceed 75 m.p.h. The amount of damage that can be 
donOi howeFer, Taries considerably with the intensity of the storm. 
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Ficumc IO."Tl]c JOO-mb. aintwir mip irttn humcHnc Carol wa» watcinl wer eastern 
llEancI asil moviiig rapidly nortHward- ^Kor fiirtlicr cXplairetlDn see legend nf 


This is particularly true because the force of the wind Increases not 
with tho speed but with the square of the speed of the wind; for 
example, winds of 150 m.pJi, exert four times as much forte as winds 
of 75 m.p.h. A hurricane in which, the maximum wind speed ia only 
m.p.h* may do relatively little damage except in exjmsed nreaa and 
weaker varieties of trees und shrubbery. Winds of 150 m.p.h. 
fill, however, tear away and batter most anything that is not securely 
jttached to some sturdy structure. Winds of 200 m.p.h, will do great 
damage to all except the very strongest of buildings. If it weira 
possible to forecast intensity of hurricane with more accuracy and, 
with greater precision, it should be practical to issue gn) 
hunricane warnings. 

We have had msuy examples of hurricanes changing intensity 
within, a period of Sd hours. In 1&35 a small hurricane started forming 
in the Bahama Islands are;i. By September 1 this storm was believed 















320 ANNUAL EKPORT SMITKaONIAN mSTITUTION, 10^0 





Figure 11—The 20C>-Enb^ (aboyt 40,000 Imi) co^it^^Dr t&ip wh«Ei hurricane lane wai begin¬ 
ning to iccdcralc toward the ealt-DOrtlieatt- Wmd direcuon and wind epecd (in kuDlf) 
a« indicated at three atationi near the huirlpinc center (*ee tropic^ aConn lyinhol 
Tht heavy eTTDW lEilicaUa the pait and future movemiait ol the ttonn^ 


in have leached hurricario inteDsity; by Septembtir 3 t?eiil:er passed 
over the Florida Keys ^ith the lowest central pressure that has ever 
been recorded at sea level in the Western Hemisphere, 26*S5 inches of 
mercury^ Hurricane Janet of 1955 has already been listed as one of 
the most severe storms of the century* The eye of this hurricane 
passed just south of the Tsknd of Barbados on Seplember 22* It was 
described as an immature hurricane with a very narrow band of 
hurricane winds around the eye. The hurricane recoimaissance plane 
that observed the storm at this time reported that the wall of cloud 
around the eye was only 5 miles wide but the turbulence was very 
severe. Maximum winds were estimated as 110 to 120 tri*p.h. on the 
south shore of Barbadoe, but the wind speed dropped off very rapidly 
SO miles out from the edge of tho eye* According to Dunn, Davis, ajid 
Moore [7]^ hurricane Janet pren^ded on a course generally toward 
the west lu the eastern Caribbean for the next several days with some 
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actual decrease in intensity^ On September 23 the central pre^pre 
was 996 mb. (20,41 inched) and maximum winds 90 m.p,lL 

During tlie early hours on the 24tlij aocording to tim Navy lecon- 
naisaance plane, Janet never presentetl a good center deliiiitioa and it 
is not certain if the center was found- Late in the afternoon, one 
very strong spinii weather band was found although the central pres- 
scre remained about the same. At 8:30 E*S.T, on September 26;^ 
Lieutenant Commander ‘Windhani with crew of eight and two news¬ 
paper men reported at latitude 15 “40- N. and longitude T8®02' W, 
that they wei’e about to begin penetration of the main core of die 
storm. No further repoil was ever received from this plane. Janet 
had become a very severe hurricane, Tiie Navy reconnaissance plane 
at 10i40 E.S.T. on the 2Tth reported tliat the lowest pressure was 038 
mb, (21.70 indies) and maximum winds in excess of 115 m.p.lL by a 
large and uncalculable amount. Janet passed over Swan Island 
during midday with winds estimated at 200 m.p.h. The hurricane 
center reached Chetumalj Mexico, about 1 X 00 a,m. local time, Septem¬ 
ber 28. It was still a very concentrated storm with winds reaching 
hurricana force only about 2 hours Ijcfore the arrival of the eye, 
according to the description of Dunn, Davis, and Moore [7J* In 
Chetunia] the barometer rending of 27,00 inches was recorded in the 
eyo of the hurricane. In Corozal, British Honduras, only a few miles 
from Chctumal, the barometer fell 2.24 inches in 2 hours and 10 
minutes. The anemometer at the airport terminEd building at 
Chetumal registered 152 knots or ITS imp Ji, before It collap^d. The 
wind later increased and the maximum is estimated in excess of 200 
m.p.h. 

Hurricane Diane in 1955 h a good example of both rapid Intensifi¬ 
cation and also rapid losa of mtensification. On August 11, the first 
aircraft reconnaissance of Diane reported that Ltie lowest pressure was 
1,001 mb. (20.65 inches) and that the maximum winds were 45 m,pJi. 
This was approximately the same maximum wind speed that had been 
reporteil by ship observation on the previous day. During the night 
the storm changed direction from a northwest course to a northeast 
course and intensified rapidly* The reconnaissance on the 12th re¬ 
ported that winds had increased to 125 m.p.h. and the central pressure 
had deepened to 975 mb, (23.78 inches). After the 13th, the storm 
iiegan to fill and the intensity decrea^d* When the center passed 
inland near Wilmington, K. C*, early in the morning of the iTth, the 
highest suatamed wind reported was 50 m.p.h. at Hatteros, N. C., with 
gusts up to 75 m.p.h. at Wilmington, N. C. 

What are some of the things that can cause a hurricaite to change 
intensity 1 It is well established now that if cold or dry air is drawn 
into the inner circulation of a hurricane, or if the hurricane goes over 
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rough temin, the storm wiU lose intensity; and if the terrain is very 
mountainous the lower levels of the huiricane's circulation may be 
completely disrupted. 

Tlie fuel that supplies tlie energy of a hurricane is the warm moist 
air that is found in tropical oceans. This explains why introduction 
of cold dry air to the inner core of tlie hurricane's circulation can 
cause the hurricane to weaken. It does not explain, however, i^hy 
Some hurricanes will barely reach hurricane intensi ty even^ though 
both types remain over the warm tropical oceans for long periods. 

Two types of air eirculatiou are required to keep a hurricane ^ing. 
(1) Inwiird-diriectod flow in the lower levels, and (2) outward-diiwcted 
flow in the upper levels that evacuntca tlio air from the hurricaTie, 
To produce Intensification of a storm and to provide lower pressure 
in the center it is necessary that more air bo evacuated from the top 
than is broxight into the hurricane circulation at lower levels. It is 
quite probable, therefore, that a key to the intensifleation of a hurri¬ 
cane is in the upper levels of tho troposphere- ilost of our ideas as 
to what will cause a hurricane to intensify or to wcuken are based on 
theoretical rather than empirical deductions because of lack of suf- 
Ficient data to prepare accurate weatliar maps at the highw levels, 
Dr. Herbert Eiehl, University of Chicago, in private discussions, has 
expressed the idea that a hurricane is more likely to intensify if the 
circulation at high levels is such that the air coining out of the liuiri- 
cimo can be rapidly removed from the tropical area. Furthcr mteusih- 
cation is much le«3 likely and, if it does occur, will proceed much more 
slowly in cases of sluggish circulation at the higher levels. 

After a hurricane moves into middle latitudes the warm air of the 
storm is frequently brought in contact with a colder air mass. This 
will usuafly change the character of the hurricane, and it ^metim^ 
occurs in such a manner that the storm xeintensifies with middle lad- 
tude characteristics where tho energy is deiived from tho potential 
energy made available by the juxtaposition of two air masses of dif¬ 
ferent densities. This was the case when hurricane Haael moved into 
Pennsylvania in 1954- 

4. 'EAINTAIX 

Kiiinfall associated witli hurrieanra causca more daninge and kills 
more people than atij other hurricane force except tha Htorm anr^p. 
Hurricane Biano became the first biUion-dolJnr hurricane in the his¬ 
tory of the United States, largely because of the floods following the 
rains a^ci ated with it One hundred eighty- four people were killed— 
mostly drovmed. Tlie flcjcrfis following the pasaage of hurricane Hazel 
of over Haiti were estimated to have drowned several hundred 
people. Likewise, several httrriennes entering Central America and 
Mexico during tlie past decade have each drowned over a hundred 


EUEEICANES—GENTEY AND SIMPSON 


323 


people, according to estimates appearing in the press. During the 
1955 season the floods caused in Jloxico by hurricanes Hilda and Janet 
and tropical storm Gladys are reputed to Lava inflicted upon Tajnpico, 
MexioOi its greatest natural disaster. 

To many people, rainf aU is the most sensational result of a hurri¬ 
cane, Eainfall accompanying hurricanes and tropical cyclones is 
nearly always heavy and frequently torrential. At Baguio in the 
Philippines, in July 1911,46 inches of rain fell m 24 hours during the 
passage of one tropical storm* In the United States the heaTiest rain¬ 
fall during such a storm was 39.T inches, which fell during one 48-honr 
period at Tlirall| Tex., during the storm of September E-lO, 1921. 

The quantity of rain that can foil from one alow-moving tropical 
storm almost staggers the infingjnadom In hurricane Diane of 1955, 
over 16 biHion tons of rain fell, according to rainfaU estimates pre¬ 
pared by Schoner and Molansky [19], who also catimiited that over 
30 billion tons of rftin fell during the passage of hurricane Connie, 
TIius, approximately 46 biUion, tons of rain fell during the two 
^onns. 

Many of the heaviest rectn’ded rainfalls have Ijcon in stortiis of 
less than hurricane intensity. Even in storms that were huiricnnes 
at one dme, the lieaviest rainfall frequently occors after the winds 
are no longer of hurrictvno intensity. This was the case with hurricane 
Diane of 1956. Although at one time while it was still at sea the 
highest winds in Diane were 125 m p.h., the tnasimum measured 
winds along the shore when Diane moved inland were 74 ni.p.h. in 
gusts at Wilmington, N. C, As Diane moved farther inland the 
winds further decreased, and as the gales subsided, so did the public’s 
concern with the storm, Diana moved northward across North 
Carolina and Virginia and into Pennsylvania before tnming eastward 
for the ooast—than came the deluge I The toiTcntial rains from Diune 
fell on grounds still satn rated from the rains of Connie. From the 
Poconos of Pennsylvania to southeastern New England rain in excess 
of 8 inchca was reported at many places. The greatest amount—over 
19 indies—fell in the highlands northwest of Hartford, Conn, All 
this rain fell long after Diane liad ceased to have winds of hurricaDe 
force [24]. 

HainfiiU around a tropical storm is usually distributed ssyminetri- 
caily. This Is particularly true when a hurricane is moving. Accord¬ 
ing to Dr. I, M. Cline [2], very little rainfall occurs in tlie rear half 
of storms moving inland on the Gulf or south Atlantic coast of eastern 
United States. The heaviest rain fall usually ocenta in the right front 
quadrant of the tropical storm, according to Cline. There ^ excep¬ 
tions, of course. As a hurricane moves inland, heaviest rainfall fre¬ 
quently occurs far in advance of tlie storm. This is particnlarly true 
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when tlieiB mu orographic features that cause air in advance of the 
3 torm to Ilow upslope; or T?htjn there Ls a deos© air mass seTeral 
hundred tiiilea in advance of die storm, which acts os a wedge for 
the warmer moist air araimd the hurricaue to flow up and over. 

L. Hughes [10], usiug mean wind data for a number of tropical 
storms, after making reasonable assumptions about the amount of 
moisture that would be carried into storms at low levels, computed the 
inteuaity of rainfall that should bo expected in hurricanes. The values 
computed by him am such that if a hurricatie passed directly o^r a 
station while moTing in a straight line there would be a total rainfall 
of about 11 inches in 4fl hours. This appeal's to be a reasonable value. 
Cline [2] and other investigators have found 8 to 10 inches occurring 
frequently under similar conditions in the Atlantic and Gulf storms. 

i FOUECASTlT^C TljCNtlS ASSCHHATEPt TITIl BXlBJllCAN^S 

The problems asociated with forecasting floods from hurricano 
rains may be sumnmTized ns: (1) Forecastijig the path the hurricane 
will take; <2) the distribution of rainfall around the hurricme; (3) 
the cilect on the rainfall of upalope iiiotion caused by the air in ad* 
vancc of the hurricane ilowing up over u mountain or up over a colder 
denser airmosa; (4) the amount of runoff that will follow the ram* 
fall; ^ 5 ) therate of movement of the hurricane; and (6) the intensity 
of rainfall osaociated with the hurricane and the various npslope mo¬ 
tions given to the air mass in advance of the hniricjme. 

A good illustration of the necessity for forecasting the amount of 
iimoff to bo expected occurred in the 1055 season. Hurricane Connie 
gave as much rain as hurricane Diane in some of the areas that were 
afflicted by the death-dealing floods following the passage of Diane. 
Tn general, however, the floods following Connie were not very dan¬ 
gerous. The rains from Connie did, however, almost completely satu¬ 
rate the ground. When IMane followed soon after, nearly all the rain 
that fell wos available for runoff and the excess water soon cau^ 
mountain streams to rise above the banks and to sweep eveiything 
bcif ore them- 

fi. StORM SUmCE 

The rfprm siit-ge is the greatest killer and greateEt property de¬ 
stroyer associated with hurricanes. Id are^a where hurricane building 
codes have been rigidly enforced for many years, relatively little dam¬ 
age is done by liurricanea tu buildhigg away from the waterfront. 
Even hurricane Jaiiel at Clictunial, iferico, in 1955 did relatively little 
damage to solidly constnictcd concrete hmisea. In areas near the coasi 
that are espy set! to the storm surge, the force exerted is almoist irre¬ 
sistible, Recordwl history of tropical cyclones reveals many Instances 
of cities and towos being inundated. At Santa Cru2 del Sur, Cuba, in 
November 1932, approximately 2^500 lives were lost out of the total 
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population of 4,000* At Gakeston, Tex., in ISOO^ tlio center of the 
hurricane crossed the coastline southwest of Galveston. According tu 
Dr. I* M, Cline [3], tlie weather obaerver, ^^the water rose at a steady 
rate from 3 p. m. until about T: 30 p. m. when there was a sudden rise 
of about 4 feet in about as many seconds. I was standing at my front 
door, which was partly open, watching t!ie water wiiich was flowing 
with great rapidity froTu east to west. The water at this time was 
about S indies deep in my i^idence and a sudden rise of 4 feet brought 
the water aboro my waist before I could change my position.” Ap* 
proximutely 6,000 persons lost their Utcs in this inuridatiou of Gal¬ 
veston. Examples of storms which have done great daiuage from the 
storm surge in recent years are hurricane Carol of 1&54, the Xew Eng¬ 
land hurricane of 1933, and the Florida Keys hurricane of 1035, 

The high seas associated with the approach to die coast by a hurri¬ 
cane are caused largely by the depre^d air pr^sure, the wind foroe, 
and certain amplification f actora. Tli© air pre^ure in the center of a 
hurricane ia frequently as much aa 2 inches of marcury below normah 
Tlie decreased weight on the ocean surface will allow the ocean surface 
to rise approxinmtelj 1 foot per inch of mercury deficiency iu air 
pressuns. As the hirnicanc-force winds move across the surface of 
the water they induce currents In fhe ocean that can result in the 
accumulation of exce^ water when the hurricane approaches the 
coast, IT&ither tiie deficiency of air presstire nor the piling-up of water 
along the csoast by the wind-driven currents will account for the ex¬ 
tremely high tides sometbnea observed with hurricanes. There are 
several tlieories to account for and explain the amplifiention of the 
alorm surge while the hurricane is crossing the continental shelf, but 
they are relatively untested and the final answer may yet have to be 
determined by reaeai'chers. There baa bean gre4it improvement in the 
foreeiistmg of storm surges in the two years and the work now 
being done by several groups gives prom be of great progress iu the 
next few years. 

RESEARCH NEEDS 

At the present time we need more inforuiation on almost all facets 
of hurricanes and tropical cyolcmes. Wo need good pliysical explana¬ 
tions of how hurricanes develop, how they move, why they intensify or 
weaken, and we need to know more al>out the atnicttire of hurricanes. 
In recent years, aircraft reconnaissance of hurricanes has greatly in¬ 
creased our knowledge of the structure of the storm* Even yet, how¬ 
ever, we need much more knowledge of the detailed structure, the 
areas of inflow and outflow in the hurricane, tjie structure of the 
eye, and the mechanisms by which it is maintained. 

Great progress hfis been made in developing methods for forecast¬ 
ing hurricane movement. Most of these forecast methods have been 
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empirical in natnrQ and it is only in tlie last t^o years that pmmisiiig 
sew-iob] ectivG msthcKls have been dBTcloi‘>ed+ It ia rcAsonable to ben 
iieve that if can first fully ^inderatand the mechanism of how hniri- 
canes move , it will be possible to toake more r^pid progress m develop¬ 
ing improved methods in the future. At the present time most meth¬ 
ods used for forecasting either inception or intensifitation arc very 
hazy and show relatively little sldll when iLsed under operational 
conditions. 

"While the possibility for eventual control of hurricanes is ptt^bably 
TEiany years in the future, any rational approach to research on this 
problem is dependent on first ac^iuiring much more knowledge of 
their structure and dynamics. The forces released in hurricanes are 
so uiuch stronger than any of the forceg that man can bring to bear 
against the hurricanes, it is not practicable for us to attempt control 
by any direct method. The only poa.sibility for coTiirfilling either the 
movement of the hurricane or its formation is first to find Home mecha¬ 
nism in the hurricane itsdf that man can use to make the hurricane 
control or deviate itself. That is, man must search for power brakes 
tyr power steering mechanlstos in the hurricane structure that man can 
activate and thus eventually cause the hurricane to move along a cer¬ 
tain path nr to weaken and dissipate. 

ULTIMATE POTENTIAL FOR FORECASIING 

The development of high-speed computers has made possible the 
use of numerical techniques in forecasting* Esperimentatiou during 
the last 2 or fi years leads one to believe that ultimately it will be 
possible to make forecasts of the movement of burricaues for 24 to 
4S hours in advance with such accuracy it will enable the forecasters 
to issue liurricane warnings for coastal meas with more precision. 
This should make it possible to warn i^eople in relatively restricted 
areas if they are to be affected by hurriCftne force winds wiilun the 
next 24 liours and to omit warnings for all i^eople who are very far 
removed from tlie threatencid areas. It should make possible the 
alerting of efkccified coastal areas 43 hours in advance of the possi¬ 
bility of hutricatie winds withiiL the specified period witlioul having 
to alert practically the entire United States coast. One of the pnr- 
}K>sea of the present research program ia to dctemiine precisely what 
data are needed for making succe^ful hurricane forecasts. Once 
this IS determined it should be possible to coDect the required data 
with less effort than is being pended at the present dm© in gather¬ 
ing reconnaissance data and other information for us© in htirrkan© 
forecasting. 
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Plantlike Features in Thunder^Eggs 
and Geodes' 


By Roland W* Browte 

f/. S, Suti^ 


tWIth 0 plstcfll 

Long ago^ according to legendj the angry gods on Mount Hood and 
Mount Jefferson in the ^uic Cascade Range of Oregon fought a 
titanic battle during a Fiolent storm. Amid Hashes of lightning and 
peals of thunder the opposing artillerists hurled thoiisands of round 
rocks at one another across the intervening 60 miles. Many of these 
thunderstonea fell, far wide of the intended targets, over a large area 
to the east of the mountains. The embattled gods presumably obtained 
these missiles by robbing the nests of thunderbirds. Consequently, 
when retrieved today they are popularly called thunder-eggs (Kenton^ 
1051 j p. 172)^ althougii they are not egg-shaped but roughly spherical 
and quite variable in ris&e^ Yivid myth aside, the plain fact k that 
these thunder-eggs, or sphemlitic geodes as they are known among 
geolDgists, ar® restricted to the weathered outcrops of a prel^istorlc 
(probably lata Oligocene or early Miocene) lava flow^ which is now 
a rhyolitic, welded tuff in who^ glassy matrix they origmated, with¬ 
out benefit of thunderbirds, tts everyone familiar with them m the field 
knows. Moreover, closely similar specimens occur under somewhat 
comparable eircumstances at numerous other localities not only in 
Oregon but in dist&ut part» of the world- 

The occurrence, appeartxnce, and origin of thunder^ggs have been 
discussed more or less adequately by amateur rockliounds and pro¬ 
fessional petrologists (Dake et &!., 1S38; Bantcu, 1951; Boss, 1941). 
Therefore, I shad here refrain from unneaessary repetition of com¬ 
monly known details but shall deal particularly with a p^udobotani- 
cal phase that, at least among collectors of gem materials, has aroused 

’ PubUcatlon aotliorlaed by tbe Dlrsctorp U. GeolD^cal Surrern Oniteftil 
acknowlcil^&nC of help tUrangh dlficosslQu Is hereby awfrUed ta Bobert L. 
^ciithp U. n. Geologiefl] Garvey; K. P. UendersoUp G. Natloiui Muscam: inil 
FFench MDrg&n^ BrcELtwood Boadp NE., D+ O. 
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considerable interest and speculation—the plantlike structures sotne- 
(•itnfg seen in the interiors of these intriguing objects. This study is 
based on the large Hess coUectiou of specimens and sections recelTed 
by the T7. S. National Museum in XSflS. 

THE FRANK. L. HESS COLLECTION 

On his many pleasant visits to my office, the late Frank L. Hess, 
formerly of lie 0. S. Geological Suivey and Bureau of Hines, was 
enthusiastic in discussing the so-ciilled “mosses,” “algae,” and other 
phenomena seen in sections of some thunder-eggs (pi. 9, fig. 1 i pi. 4, 
figs. 1-4; pL 5, figs. 1-4 i pi. 6, figo. 1^). He was particularly attracted 
by those from the Friday (now Fulton) ranch near Antelope, Oreg., 
becuuso they are unusually well formed and are well known as col¬ 
lector’s items among lapidarists. Along with others (Benn, 1935, 
p, 8), ho mnintained that the slender filsraents, threads, strands, moss- 
like dendrites, fringes, plumes, sheets, ribbons, and branched tubules, 
found in on infinite Taricty of form and color in the opal, agate, and 
chalcedony of these sections, represent species of algae. Stmngely, 
neither he nor anyone else, bo far as I know, made the equally possible 
suggestion that they might be the hyphue and mycelia of fungi, HLs 
inteitst in tlw algal hypothesis was so devoted that, in an ellort to 
establish its truth or falsity, he spent innumerable hours in his home 
laboratory cutting and polMiing hundreds of sections fnun Bpeclmena 
he himself had collected or hud I'cceived from friends, among whom 
the chief contributoi-s were C. H. Robinson, Sr., Buy all up, Wash., 
French Morgan, Washington, D. C., Aaron Waters, then at Stanford, 
Calif., and John L. Janies, Tonopah, Nev, These sections, according 
to hia and Mrs. Hess’s wiahea, have now passed through ray hands for 
study, Mr. Hess left no tiuinuecript but ranny uncoordinated and 
sometimes fanciful notes bearing on this uiateriiil. For example, his 
notations include brief comimrisons with living algae, names for “new 
species," and two frequently recurring adjectives he used to indicate 
the light requirements of the two large groups of “algae" he recog¬ 
nized: photophile (light-loving) and scotopliile (darkness-loving). 

Although I repeatedly and firmly stated to him tny disbelief in the 
algal nature of the Dfellke filnnients and hinteil Uiat other obaervera 
(Dake ot ah, 1938, p. 198; Renton, 1951, p. 1T6) concurred in my view, 
Hess continued to seek corifimiatioii of his opinion and thought he 
had found that support in the replies he received from students of 
living algae to whom be sent sections for examination. Here, for 
the sake of definiteness, it is necessary to remark that the Hess material 
is clearly of two distinct kinds: seccions of Eqibcruhtes derived from 
volcanic rocks, and sections of authentic algal niidules, williout fila¬ 
ments, derived from sedimentary rocks. Ilia reluctance or uiabUity 
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to distmgGtsli between ihtm is the reason for the marked but friendly 
differoncfl of opinion we held regarding their origin and meaning. 

The algal specimens cut from pillars or cylinders that for yeara 
had been erroneously called geyser cones, as I have already explained 
{Brown, IMP), originated, by the deposition of lime incident to the 
life processes of algae around woody snags lodged along tlie shores 
of Eocene and Miocene lakes in Wyoming and Kevadii* ITcsa sent a 
batch of sections of this Nevada material to a noted iilgologiat and 
received in reply the correct information that algae indeed were in 
large part the cause of the kniinated effects there seen. Whether 
or not he sent sections of the igneous spherulites to the same or other 
students of algae I do not know. Be that as it may, lie felt sufficiently 
encoumged to believe that algae also vrere responsible for tlie filELments 
seen In thunder-eggs. My pllrpC3^5e now is to define my position about 
these colorful und fii^iniiting plantlike objects; and I hope to do 
thi.H without blemishing Hesses memory or nvflling the feelings of those 
of his rockhonnd friends who believe os he did about the^ things. 

ITLAMENTS IN TFTUTTOEE ECCS NOT ALGAE 

The advocates of the algal theory to explain the “growths” in 
thunder-eggs deceive themselves in two ways. First, they mistake 
striking but superficial lifelike resemblances for the real thing. Yet, 
so closely do these filaments imitate natural growths that self-decep¬ 
tion about them is understandable and pardonable, especially for 
persons untrained in botanical identification. Observant examina¬ 
tion of the delicate filftments with a good hand lens or a bincK:n!iir 
microscope shows that when well develo|>cd they are tubular. Tliey 
are not segmented or jointed, tliat ia, with coll after cell in linear 
rows, as they should be were they the fihiinents of fresh-water algae. 
Exceptions among such algae are tlie partitionlesg greenhouae I'm*- 
cAeria and the parasitic PAi^lloHph&n^ but neither of tlieso in other 
fundamental respects is comparable to any fihiraents seen m thunder- 
eggs, Significant also h the fact that no spores or other reproduc¬ 
tive structures luivc been recognisse^i as such among tlie suippoaed 
algid filaments. 

Unlike those of algae the filamonts in thunder-eggs are individually 
very variable in diameter and in erratic branching (pL fi, fig. 4; pi, 6, 
fig. 3). They thicken and thin iri-egulariy in an unalgalike manner 
throughout their extent; and their most notable surface feature Is 
a more or less conspicuous, although sometimes nuidi subdued, waxti- 
ncsB and tnmesceDce (pL 5, fig. 4; pL 6, fig. 2) that gives them tho 
appearance of microscopic intestines (pL 4, figs. 8, 4). These minuta 
swellings along their length indteate that the filaments and their 
branches developed in successive pulses at their free ends. 
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Second^ the prei>orienta of the algal theory oTerICMjk or miaimize 
two important conditions in the gcolo^c origin and occurrence of 
thunder-eggs that affect adversely the interpretation of the filaments 
as algae^ All students of igneous rocks agree that sphenilitea of 
the kind that become thunder-eggs aie bom in a hot extrusloti of sili¬ 
ceous, eruptive material from a volcano or volcanic vent soon after the 
flow comes to rest but before it becomes rigid and before prismatic 
structut^ develop. This chemically complex mixture of minerals, liq¬ 
uids, and gases may congeal more or less quickly into obaidianj perlite, 
or vitreous, welded tuff. Thus tlie emplacement and early stages 
of the lava rctiuire a temperature so high and steriUs^ing that no algae 
or other forms of life can survive in the resulthig spherulites or their 
cavities. Moreover, the incipient thunder-eggs are buried and com¬ 
pletely enclosed by sm-rounding matruE so that no sunlight what¬ 
ever can penetrate and relieve their pitch-durknesg. Hence, even if 
it be granted that the temperature of tlie lava after the cavities are 
formed becomes low enough to permit algae to enter^ no algae under 
this unfavorable light condition can bo expected to survive therein^ 
for all algae rcf[nire some light, nriucli or little, as the case may be, 
I conclude, therefore^ that the physical feature of the fll aments and 
the geologic conditions accompanying their origin forbid their iden- 
tification as algae, mosses, or any other organisms. 

THE PSEUDOALGAE, CHEMICAL GARDENS 

If the filaments are not algae but inorganic structures, what Is their 
nature and genesis} An intelligible ariswer to this question demands 
first a closer inquiry into the origin of the cavity fillings in which 
the lilaiuents are found embeddedL These parts of thunder-eggs are 
chiefly cliaicedoriy and in sectiou are variously shaped, either georuetri- 
cally regular ur grotesque and fantastic (pi-1; pL 2 j pL 3, fig. 1 ; pi. 6, 
figa. 1, 4). Much depends upon the direction of cut, and the kind of 
figure expected can often be coufidentlj predicted before cutting by 
studying the ridges on the surface, for tliese are the outward ex¬ 
pression of die internal angular projections of the ^atars,^ “cubes,” 
and other forms. After all the external altered matrix is removed 
many of these chalcedonic interiors look like cubes with hopperlike 
cavities for sides (pi. 3, fig. 3), often mth a ball at the center of one 
side and an opposing aocket at tJie other^ The thunder-eggs con¬ 
taining such figures (pL 1, fig. 1; pi. 3, fig, 3J seem to show that the 
vitreous lava when still sufficiently soft was pulled or forced apart, 
for little effort of imagination is needed to collapse the boundaries 
of the cavities so that the arch of the baE, for example, will receive 
the opposite socket, and otlier features of the outline fit roughly into 
place. Nevertheless, as in other complex matters, the doctors disagree 
about the method of origin of tile eavitiesi some claiming expansive 
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gflsea as the cause, some the relief of hydrostatic pressure and tension^ 
tad still others tlie recrystallization of the original material of the 
spheralite folloiived by formation of a “miidj” desiccation^ and shrink'- 
age. All apparently agree that in general the evolution is from a 
solid spherulite {see Renton^ IDSI, fig, 2i^ p^ 17i?) to a lithophysa or 
rock hobble (see Sfearns and Isotofft pL 2, fig, 3), sometimes 
sheared (ph 1, fig, 2), and finally the filling of the cavity with silica 
minerals. The process may not liare followed a nnirersal rule in each 
instance but may have differed considerably according to aocompany- 
ing phy,sical and chemical cirtumstancea. Thus^ in many ilmnder-eggs 
tho origiiail spherulitic center remains intact as a small nucleus or 
Lai! and the cavity lies to nne side of it (ph 3, figs, 1 j 2). In others the 
imcleuE was obviously disrupted, the separated segments still idiowing 
the original radial arrangemctit of the crystalline matrix {pi, 1^ fig. 2), 
Tile best analogy, but not necessarily esplanadon, for the resulting 
shape of the cavity, is by IddSngs (1888, p. 2G3) : ^ . the central 

ma!?s of the more open [ones] appears to have shrunken and cJ'aeked 
apart like the heart of an overripe watermelon." From these dif¬ 
fering views ono may draw the conclusion f-bat perhaps before a final 
H^tatement can be made more field observations and laboratory work 
are needed to check or imitate the natural effects. 

As to how the filaments themselves originated nnd became embedded 
in chalcedony at least, two known phenomena point to explanations. 
These are the natural helietites sometimt^ seen in caves and other 
sites^ and the so-called chemical gardens grown in the laboratory, 
W'atural limy helictites (not stalactites or stalagmites) are moder¬ 
ately small, irregular, twisted, tubular Etmetures that develop from 
cave ceilings, walls, and sometimes stalactites. They grow at their 
free ends, being fed by internal solutions flowing distally from tlie 
points of attachment. Thus, so far aa method of growth is concerned, 
they are not quite the same kind of thing as salt and ice ribbons 
(Hrown, 1946), which grow from their bases, Natural Iielictitra can 
ho imitated artificially with simple, chemical apparatus {Huff, 1040). 

Did tlie filaments in thunder-egirs arise like natural helictitea by 
growing out from the walls into empty cavities f Eenton (1951, legend 
to unnnmhercd figure, p, 175) virtually concluded that they did, hut 
he overlooked the threads subtly concealed within the **sta1adtes” he 
described as hanging from the roof of the original cavity and inferred 
were later Embedded in agate that filled the cavity from below. Tet, 
on the following page he reversed himself and said: ‘^Tlie writer hC' 
lieves that most of the aeen in thunilor-cgg agate entered the 

original cavity from below and the mineral bearing solutions [that 
became hnoss’] were injected into a silica gel filled cavity ^ ” 

Here the unknown intrudes itself^ Asstiming an empty cavity to 
begin with, how long after formation did it remain empty, except 
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for air or some olhuT g^isf If tlic gas were in part steam^ as seems 
pbnsibU and iLkelj, condejmtion began ’irlien tlse lava cooled suffi¬ 
ciently, and the cavities became moist but aiuy not have fillet) up im¬ 
mediately ’with ’watery solutions, Graiitetl such conditions, it is ea^ 
to visualize filaments gi'owing os helictites fiom the moist walls of 
the unlllled cavities. Perhaps some did so; bnt^ compared with the 
rather simple natural helictites, the thunder-egg fibimente, in their 
great variuty and delicacy^ their intricate interconnectitTg branching 
networks (pi 5, figs. 3,4), and in other features to b« discussed, give 
til a definite impression thut they did not originate as helictitcs hut 
gi'ew fi om any part of the surrounding wall into solutions that, early 
or late, filled the original cavities. 

This pi-obability leads to a consideration of the properties and be¬ 
havior of artificial chemical gardens, aped id kinds of which are called 
silicate gardens. Anyone with a few chemtcnls and the application 
of caro and patience can produce these interesting^ Ijeauiiful, and 
instructivo cultures. For example-, pour some wetter glass or sodium 
silicate (many other media axe now known to be usable) into a bc4ikGr. 
Then di'op into the solution small grains of metallic salts, eiich as those 
of calcium, cobalt, copper, iron, nmnganese, nickel, uranium, and 
olhers. The moie sol uble the sal t the i ju kker the re.su11. Shortly, the 
garden will start to grow, the seeds” sprouting tubular bitincbod or 
unbranebed fi]amenta j’cmarkably similar to tlie growths in thunder- 
eggs. These and other dieniical gardens have beeti known for a long 
time and have been quite ardently inveslig^ited, fairly well illustrated, 
and satisfactorily explained (GrndcnowiU, lOOT; Ijeduc, lOl l^ Lillie^ 
I^IT, 1922; Lillie ajid Jolinston, Ha7.dliuri7t, HHl)^ In his book 
Tlici Breath of Ufe, John Burroughs p* IflT) refers to these 

experiments: ^'The chemists have played upon this tendency in the 
inorganic to parody or mniulate some of the fonns of living oiaE ter. A 
noted European chemist. Dr. [Stephaue] Ledur, has produced ’what he 
calls 'osmotic growths- from purely unorganized mineral mattei'— 
growtlLS in form like seaweed, polyps, corals, and trees.” Aside from 
the light experiments shed on the plantlike structures in thunder- 
eggs, they provide siimnlatiiig comparisons with some of tlie grow'th 
forma and prt>t^sg^^ iu plants and iinimals and possibly contain clues to 
the origin of Ufe h^^elf (Tjcduc, 1911; Lillie, 1922; Thompson, 1948). 
Through all tlie recent invertigations of these chemical precipitates has 
run a persistent attention to the electrical factors and etfects. 

SEQUENCE OF EVENTS IN THUITOEE-EGGS 

That the genesis of the pseudoalgae In thunder-eggs is comparable 
to that of silicate gardens rather than to heUctites seems believable, 
for it IS m accord with all the known facts* In defense of this conclu- 
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Bion, howfeircrj I am frankly unablo to esplain fully all the cliomical 
details at lending their devcl nproent'. As nu two spwimens are cxnotJy 
alike, di fie rent chemical situalioos oiid reactions very likely praruiled 
at (lillerent rates and times. Jfevertlieless, a generelizcd picture can 
bo drawn delineadng the probable ortler of eretits. Consider, for ex¬ 
ample, tlie section on plate 4, figure 1, ’which 13 similar to Bentons 
nnn iimhei'eil figure (lilol, p. ITS), llie photograph wos taken by 
transmitted light, thus nmtiilg tlie chocolate-brcisrn outer matrix ap¬ 
pear black. Within this is the irregular, squorisli figure tliot outlines 
a cro&s section of the original cavity, now ^ed willi chalcedony, hor- 
izoiUully banded below but unbonded aliove. A number of filaments 
hang from the upper wall and bound areas of concentric riiiged effects, 
and some arise from the lower wall. Both the upper and lower fila¬ 
ments penetrate the horizontal strata of chtilcedony, as do also some 
shoiiTa in plate 6, figure 1, passing Ihreugh the loft end of a thin white 
band of opal. Further, it should bo noted tliat a narrow*, dear (white) 
zone makes a halo for the filaments and continues around the lK>imdar 7 
of the square but is not trespassed by the horizontal strata of the clial- 
oodonv- From those piirticulare it is po^ible to conclude that in this 
specimen (Jio sequence of events was roughly as follows: First came 
the cavity, by one or another of the methods previously enumei-ated. 
The cavity w'os surrounded by a chemically complex matrix that, 
perlmps when still warm, underwent chemical diangaa as a concom- 
itani. of the circulation of connate as well as surface waters. TIicse 
wate 1 * 5 , having picked up mineral reagents, including salts of iron and 
niangaJiesc, and various silicates, passed through the porous walls or 
seeped in through cracks, infiltrating and filling tlie cavity, the solu¬ 
tion becoming a colloid or gel. According to gravitational and per- 
hapa electrical factors, such suspended, minute globules of mineral 
mutter as were present or w ere formKl, arranged themselves below in 
clear and dark stratified, horizontal layers, the upper part of the solu¬ 
tion remaining relatively pure and not visibly layered. Then, as soon 
as the chemical condition of the gel became suitable, there grew into it, 
from the supply of suits along the walls, die filaments that ore now 
er roneously cal led al gue. These pfcudoalgae shot up rap i dly in pulses 
by chemical precipitation (probably as iron hydroxide and silicate), 
osmosis, and diffusion. During this process, around each likinent 
there was generated a sharply defined field of chemical or electrical 
influence that not only cleared the immediately surrounding gel but, 
so to speak, held at arm’s lengtJi at a fairly uniform distance any aus^ 
pended globules of mineral matter, thus cxeating around each filament 
a transparent halo, the gel outside the halo remaining more or leas 
translucent and, where it contained dark mineral particles, becoming 
concentrically zoned in the manner of Ijicsegang rings (Liesegang, 
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IM?). ller^, also, the concenfricity of the rings a'as influenced in 
some way by the presence of the 61 aments, for the curves of the rings 
parallel those of the fUaments faithfully. It seems clear, therefore, 
tliut the flloments originated after and not before the cavity was fill oH 
with the gal. 

Bow long the gel in this thunder-egg remained in that state is 
problematical, but eventually some as yet unknown condition initiated 
the transformation of the soft gel into cryptocrygtalline agate and 
chalcedony, thus embedding the fragile filaments in a hard matrix and 
preventing their destruction by earth movements. A binocular micro¬ 
scope reveals that the fibroid crystals of tho chalcedony are now 
arranged radially with respect to the filaments as centers. Apparently 
not much liap|>ened internally to this siawimen subsequent to the events 
just outlined. £xternally, it remained a rougljly spherical, ridged 
object in the enclosing tuff until it weathered out as a familiar 
thunder-egg. 

Allowing for variations, the geological stoiy of all thunder-eggs is 
similar to that just given. Some of the variations need description 
because they supply, as it were, n supplement to the story. Consider, 
for example, the section shown in plate 1, figure 1. Here the central 
white part is solid quartz enclosed by dark chalcedony. In plate 2, 
figure I, and plate 3, figure 4, die central parts have unfilled cavities 
attractively studded with quartz crystals. In these Instances probably 
somo change in alkalinity stopped the formation of chalcedony and 
atartecl the crystaUizution of quartz, which proceeded until all the 
remainmg silica was used up. This final step may leave a crystal- 
lined geode filled with water; but tliete may be no water left because 
fi-acturing subsequent to the completion of the geode permitted it to 
escape. In plate 3, figure 4, the divergent angle between the layers of 
chalcedony indicates that tlie rock mass containing the geode was tilted 
after the first layering ended. In some plnme agates, notably those 
in possession of A. W. Hancock, Portland, Oreg,, the plumes occur in a 
Bcrics of conditions from complete hurJal in chalcedony to perfect 
exposure in partly filled cavities. From these examples one might get 
tho casual impression that the plumes developed in the manner of 
belictites in caves and that the silica came in later but did not pinVuvl 
all of the plumes. Such appearances, in my opinion, are deceptive. 
The more probable likelihood ia that the cavities were originally filled 
with a gel solution and that the plumes grew normally in it but that 
the gel became too dilute or leaked out before it could be tmusformed 
into chalcedony, thus leaving some plumes partially or wholly exposed. 

This explanation of the pseudoalgse in thunder-eggs may, in part, 
also apply to some of the ‘*moS8ea” in the well known moss agates. 
No one, to my knowlcrlge, however, has seriously claimed tliat these 
“mosses’’ represent former living organisms. 
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As with many other natafaJ plienMncnaj tlie attempt to explain 
origins, although satisfy in general termsj may leave large areas of 
doubt concerning details, Thns, with reference to the psetidoalgae 
of thunder^eggs, it is desirable to know more definitely what ehemicalsr 
Trhat electrical factors, what temperature and pressure;^ how much 
time, and what subsequent changes, if any, are inTolved in their devel- 
opment. Suitable experiments in a well-equipped laboratory might 
supply enlightening biformatiom 
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EKPIJVNAT[0N OF PLATES 

PiATiL 1 

). SfictkiEi idl a th?3 Ewl-cr-^J from 1-6 mllci [iorcliwigfl.t □£ Del Coi^n- Ttac 'ClEipt.lc, 

□Heinil undciia li« bebw the tnanglt. Imidc, a dark nm of chalcedony' endcra a whlit 
patch of quartZi 

Fertile fr&m S mtlei louth of SuchanaEt, cantainbe a nucttb*r of thunder-^REB. 

The origiiial iphernlltac nudd were drtr\ipted and aheated before being filled with chalced¬ 
ony (white). Q 5 Hect«l by FfCDch Morgan- Both fi^uiei Mtural sbc. 

PLATIS i 

1, 2. ThunJer-egga from the Fnday (Fuliion} ranch near Antdape, Orep. The angular 
hgura art: lurroaDded hf a chocalatis-btown matrix. Instdc they art opdp dutlccdofly* and 
quurtx. Natural abe. Figure 2 collected bj C* H. Robimon, Sr, 

PLiTB 3 

Ij 2, 3- From the Friday (FuUon) ranch near AntclopCp Oreg. I and 1 ihow dialcedony 
occupying cavitle* ihat were ecceniric to the aphenilide oudei (eyes)* If the brown matrix 
were removed fram figare 2 the rcmaLning chalcedony wnnld look lomewhat Bke that in 
hgurc 3 p with a ball on the top side, 

4. Geode ftoin 25 mUea aouthifoit oF Blythe. CallL The center li studded with quartit 
cryatals. Bdow, the Laycn of chfllecdDuy lie at diffcrtnt angle* lo one another and indicate 
that the Lva enclosing the original cavity was tilled at bast twice. All figurei natural wxe. 

PlATl 4 

1, 2. From the Friday [Fulton) ranch near AnielopCp Oreg. The photograph of the *«- 
tion shown In figure 1 wai taken by tranimittEd light. Pseudnalgae from above and below 
peneErate the l ayered chalircdony* Conilnuooi aroond the wall and the fUamcnta is a ha to 
□f rransparent ctuitccdony (white). licSEgang rings appear between the filamEntj m the 
upper part of the figure. Natural ti^jc* 

3, Fttsm Hag Creels, 9 miles northwest of Wei ter, Tdahn. This section show* that after 
the pscudoalgae had formed, portions of ihdr subsiraium loosened and floated in die gch 
Natural size. Collected by French Morgan. ^ 

4. Righthaod part of Hgurt 3. magnified l0^tiraea.^The fiiamenis look like *mall mte*- 

Uii^. 

PuLTE S 

1, 3- Filamentf and plume* in thunder-eggs from Fkiday (Fulton) ranch near Antdopc, 
Oreg, Natural IIM. 

3. From a lava flow 17 m:tes v>atk of AJpin., Ta. Only a color ptutusraph could do 
jnitict to tha stciJon. It ihow* *n, intricate nctwoft df minute filament* ihii developed 
from several center* it Lmiicatcd by the arched curve*. Natural lize. Collected by Frank 

L Heii. , . ■ . ■ t 

4. Lehhand part of fifrure 3, magnified 10 time*. It tliDW* the rrregulaniy in tbicfcncsa 

and braDchln; of tbe pseudoalpie. 

FLiTB 6 

1. 3, +. Fitini the Friday Antelope. Oreg. Figure 1 show* ilr pteudu- 

algae in oubwebllte efiect* and frideet. Same filamenu paaa tbrougb ibe leftEiand end of 
tie Opal (white) band, n'idenily haring grown when tbe band wn arill a gel. f lEuna 1 
and 4, natural dze; figure 3 magii'i&ed 10 iJtuea. 

7, Locality doubtful, but hran the Hjolor of the filament* and general appearince of the 
matria, apparently I log Creek, 9 mile* nortiweat of Weiaer, Idaho- Natural lice- 
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Exploration for tbe Remains of Giant 
Ground Sloths in Panama 


By C. Lewis Gazm 

Diwmt o/ PtfrleAnttlc 
United Slat^ Nalional MltiCUm 


twitb fl iilnt^n) 

UKDouBTEPt-Y the giant groiind sloths of prehistoric time hi the 
Western Hemisphere hud no p^r amocng mamnials of great bulk in 
their grotesque unwieldiness and slaggishness of habit. They rivaled 
the mammoth and mastodon in body size (pL 1) but, of course, did not 
otherwise resemble them, and certainly conJd not have kept pace in 
their moTements> It would seem impossible that they could haTo 
survived and evolved in any neajjonahly competitive atmosphere or 
environment. Clearly^ the explanation ia that together wilh other 
edentates—the armadillos, glyptodons, true antenters, and the some¬ 
what more closely related elow-tnoving tree aloths of tropical 
America—they underwent their principal or later development and 
specialis^ation in South Americai isolated from the more highly com¬ 
petitive herbivores and especially the more aggre^ive predators, such 
as tbe wolves, pumas, and sabor-tooth cats of the north. 

About the beginning of the ice age or Pleistocene time, the northern 
and southern oontmenls became joined by a land bridge, probably at 
about the present Isthmus of Panama, or po^bly nearer Colombm, 
permitting rather extensive migrations of land animals. At that time 
many of the more progressive northern tjx^ £nch as the horse, llama 
and related cameloids, mastodon, and various carnivores and rodents 
invaded South America, whereas opossums, porcupines, capybaras, 
toxodons, and several kinds of edentates, including ground sloths, 
succeeded in making their way norths Ground sloths, glyptodona 
with their turtlelike armor, and strange rhinoceroslike toxodons, 
however, did not survive the Pleistocene, Toxodons did not get north 
of Central America but certain of the smaller kinds of ground sloths 
establUhed tliemselves as far north as Penn^lvania and Idaho. One 
of these, MegaJonj/v^ from a c^ve in West Yirginia, was first described 
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by Thomas Jeffersoii. The giant sloth forma^ however, m well as the 
glyptodons came only its far a$ the soothern row of States. Probably 
the best preserved remaiiis of the giant form found in the United 
States (now in the National Moseuro) were enconntered over 100 yeur^ 
ago at Skiddaway Island on the coa^t of Georgia, This animal was 
named AfeffatAermm TnirahUe by Jocscph t.eiil jy another early paleon- 
tologisti often referred to rts the father of American vertebrate 
paleontology, 

DLSCOVEBY AND EXPLORATION IN PANAMA 

Discovery of remains of ^he giant ground ^loth m Panama, virmally 
on tho hind bridge joining the two continonts, evidently made 
quite independently by various people and at more than one locality. 
The earliest record with which the Smithsonian Institution was 
directly associated pertained to the finding of teeth and fragmentary 
bones at u place called El Hatillo just outside the town of in 
tho provinco of Herrera. These were found by an engineerj Caley 
JohnsoT]^ and sent to the National Museum in 1915 by our coltengue 
James Zeteh. They were identified by the ftirnier assiMant ciimtor of 
vertebrate paleontology, Dr. James W. Gidley, as belonging to the 
e?:tinct sloth Megatkeriujru I had the good fortune to Ikh aliown this 
locality by Sr. Guillermo Arjona, then (I95l>) Governor of the province 
of Herrcnij who was involved in the original discovery and recalled as 
tt boy having seen there a number of very large bones. Another fossil 
site, near but on the opposite aide oF Pcse, which seejus to have 
been known for many years by tlie local people, is on the finca of the 
local hotelkeeperj Sr. Pablo Aued. Sr. Aued was a little uncertain 
as to the exact date, hut. it may have been about 1915, or possibly 
earlier, that fossil bones were eollected on his ranch by a Fi'enchman 
(whose name he did not recall) ^ The materials exc-avated were 
undeistood to have been shipped to France. 

Altliongh the Pese localities were eaidier known, it remained for the 
people of Ocu to direct full attention to the discovery of '^Tossil bones 
of gigantic animalg” at La Coca, al>out 4 miles northwest of Ocii, also 
in the province of Herrera. Credit for the La Coca discovery has been 
given Mantid Valdivte&o, a “canipesino” of the Oci district who 
directetl several of the townspeople to the occurrence in July 1949, 
Tlie remains collected at that time, under the enthusiastic leadership 
of Joaquin Carrizo, manager of the Posada at Ocu, were placed on 
display at the hotel. The discovery was given couaiderable publicity 
in Llie Punania pi'c^ and some of the early speculation attributed the 
remains to dinojiiaurs. An interesting account of the find, by Dr. 
Eodrigo Nunez, was published in the August 1949 issue of the 
Panamanian magazine Epocaa. 
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Plate a 



SkclrLon hr eHc tnoit partoF r asnjfJe, particLibFSy larj^t individttit of Jlremothi^nuin tiuronn {SciALib} 
frt>in Kl HatilEo^ cLc-ar Pmc In Although tiiLl eI ad obEicj'uc' Titsw lu w'bjch fhc Ictig'Lhi of 

limb bf?nej jin ihou-ri nfluch fDr«hDrteiKedj #giiic conccptinn of liac may be gained frucn the table 
lap which ift 20 feet long by £ f«t Wide. 
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PLATS a 



1. Xi'flllTrJy vieTT pf La Ok:j^ <>ccLLrFtnot near CK'll. Rc^mninB oF Effrnuihrtiiftt and Toxodun 
ffiul^d in ihc aupcrficsal im\ and grave] pETScr^-rd pfl a imaSI spur cif die general 
I'crriicc’ level iirid cutrcmTlv abo%^ the fiptill;t£ which maT hflTC aiLfactcd and mired tiic 
acLLEciialj hr Fore ihc drainagr Jiad cut to ^ lower Icvvl. 



2. Ssjutherly and ekiaer view nf citravatlnii at La O^a- lll« underaidc of ihe pamally 
pluiercii block of kmc and matrli in the foTtgrauud hai l^:n turned up and a kioR 
triitmicd bcfi-pre mmpE^niig the p1 aster and bnrlnp jacket. \'LS!tort mdude both locaJ 
and Canal Zcmc frienda. 
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PLATE 4 



L EJ HaLLlJo iDcality near Pcsc. View wTCfttcrly GcirraB mbdd.y flata bdow itiordy 

afier fojsii bori’Ci tind Jwc« located In ptact^ Much r>f the at^a thuwn eu tbia pEiobogTiipii 
had hiAu gOaCOVer carefully tn lEit* HCarcJi fur the tourcc of bone fnigmeciEB earlier reportid- 



2. A norThetly vie,w acrw* 111 Hatllb file tlie 19|I| elrtValiun pfiigjesKd toward the 
spnng fit»m the ftorlh. Cctielt of iprin^ area is legated in swampy, grenind amiind hush 
iti ™tEr roregrirund. Uier clravating lo the rijfhl and above sprinir danDnsirated 
the fun her occurrence cd bone, but nf mych pooier qEiabty than that ccirauniercd below 
And to list left. 
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ALATE 5 



1. flcfO Isaa ihown oix at the D (Hi yes, Manco, the technique of CQiung all cjiix^C-d 

l»pe jurl^cE mth. lliiliie pjipcr and an 3qLi<5C^U* iL.ilution of acacia before ihe plaitcr 
of pini j^ichct ia applied. The gum acacia hardens the tuffftcc and the paper prevent* 
The plaster from BdfierinptDO tecuielr to the bone so that it can later be temoved. 



2 Pcarcc hcic la defrKfnstratirifcf to two of our helpen the pojeeJupe LnvpLvcd In bandasini; 
' a blocitof bone and nniirii: yihh burbp ttrip* which have been dipped in plaster of pans. 
Afser the top coat luia set, the block la rut \KKm, turned over, Lnmnied down, and Ttie 
bottom aurfaec plasteted. 
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PLATE e 



In itaj'rt of rcrnDval at iht} F-1 Maiilki Flcavatjon. Ttiwc Include the 

pel via and blocti of vertebrae And ribs tielr.mpnf^ to the skeleton nf The lar^ irulividual 

af ih^wu in plate L Dr. White'[left) h und^TCliUifit" the pelvis- so the 

plaater jacker will bind tAJiile Juan Franen h mailne exposed bone with paper. V'iviarMi 
S'aldevieau il further underEutting ihe ihird blcJcLlso that [t rjin he turiKdl over. 



2 At innihef pkra the FJ Hitilb .acvation ft l>l«k conumbfr a ttipuiR ana tome 
lirnh and nb mate rial of tlir tbth l* tumrd over and removtil front the nuarrv 

thE tnrfacE CO. hr trimnicd and jilatitrod under 1 «b cramped rondf- 

partially dellQcd bbcira of hnns-hcaj-lnj; niatiii can be dgttlnguiibed 
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PLATE J 


"lljc *cilJ of ihc txciivaijLin an ll iicar(Ml tlic Gprinp in 19.11. Sccpapt aE thi» point Wai 
parLiculirly Anncij in^. Thi- bimv Iaj-lt in ifiie I'icinity wm approiimattly 7 feet bcntuth 
suifflce and rcBtlnp on a BlightJy more CLHbEolidalcd IJcdnKk of dttomfunsuJ vokinic 
til ace rial [hat, in anifrait to tbc oi'crlyinp muii, appeared to be undiiturltcd. 



2. Our native crew at tLe i^lpsc of the 19?1 Hcason. Mait, thaujJih not atl, oF these T#rre tlic 
men we started witli. 'llicy are Btaitdln^ over n part of the cniavaijan after It had bi-en 
filled And liie ground leveled so 4 ^ to prevent the acCU[tiiilation of Staynani wAtcr^ im¬ 
portant in moiquitp controLi 
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PLATE S 



1, 1 Tic 1951 lian from EJ 11«LUh> btJSiil^ the sEhoothcniiic at Peae, boird b iid wairlng 
amValciJ tl^c truck and mne for tratLsportAtiDn ta P'tcr at 



2, Tbe U. S. Air Force track enu lh« eaenC to oyr ictCuc in JiJia Seventiwn bosei 
were built Wd packed ^bind the ^^»4a ik San Sebaltiaa »t Ocu and (lie combined La 
C(K* Mid El HatUw ccjllectodDi d that irear weighjed over 6 tons. 
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The attenLioa of Dc. Alesaoder Wetmon^ jit that time Secretary of 
the Smithsonian iDstitutioiif was directed to the Ocn diacoTery by 
^vernl of out friends in the Canal Zone, ii|jpitrently first by Kenneth 
W* VintoiiT * science teaclter at the Junior College, A preliminary 
investigation of the occurrence wtis made for tiie Smithsonian Insti¬ 
tution by Assistant Secretary John E. Graf, and arrangements were 
made with the Panamanian Government, tlirough tlie kiiid oGSe^ of 
Dr* Alelandro Mendez^ Director of the National Museum of Panama, 
and Prol Mas Arosemena, then Minister of Education for the 
Republic of Piinama, for a Smithsonian party to carry on excavation 
work at this site. We are particularly indebted to Dr, Mendez for 
his very helpful cooperation and kindly personal interest, as well as 
the never-failing enthusiasm which he showed for tho progress and 
results of our work during the two field seasons. 

Dr. T. E. White of the Smltlisonian's Kiver BEisin Surveys accom¬ 
panied me on the fii^t expedition to Panama, and we arrived there 
early in January 1950. We were given a moat royal welcome at the 
Posada in Oeu and every elfort was made by thu townspeople to 
facilitate our w^ork and make our stay as pleasant as possible, Tlie 
actual digging began at La Coca on Januaiy but as the occurrence 
was not of gieat extent, by February 3 we had it completely worked 
out (pi. 3). During this timcj we were assisted by the discoverer, 
Manuel ValdiviesOj or from time to time by his brother Viviano, 
and hy Juan Franco, a campesino who kitmcd the work quickly md 
proved particularly helpful to us. Altogether we removed 36 blocks 
of material from La Coca^ each securely encased in a jacket of plaster 
of paris reinforced with burlap. Tlirough the kindne^ of ^Chin” 
Carrizo, we were permitted to store our collection, ns it accumulated, 
in a storeroom at the Posada in Oed. Following the La Coca work 
we turned ottr attention for a ooupla of weeks to various reports of 
other places where fossil bones were supposed to have been seen, but 
most of these proved to be rumors without foundation in facL Never- 
thejess, one promising lead remained^ and about the middle of Febru¬ 
ary, by arrangements made sometime earlier during one of tiio fiestas 
in Ocu, we were accompanied to the El Hatillo locality about a mile 
west of Pesc, as mentioned above, by the Governor of the province^ 
Sr. Guillermo Arjoiin, 

Some difficulty was encountered at fii-st in locating fossil remains; 
however^ after extensive probing with picks and shovels (pi. 4, fig. 1) 
the source of the material was located at the periphery of a mud deposit 
m the vicinity of a largo and swampy spring. The bones were found 
to occur at the bottom of tho mud near contact with tlie underlying 
bedrock, close to tha surface at the periphery but increasing m depth 
toward the spring* Excavation was carried on at El Hatillo with the 
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help of bLs campesinOB^ two of these being our Ocueiio helpers, Juan 
Franco and Viviano Valdivie^gOj brought with us to diow the new 
men the various techniques and procedures they had been langht. 

Eighty-five plaster-encased blocks were taJten np at the new locality 
(ph 6), tlie relative position in which each occurred having been care¬ 
fully plotted ao tliat tlie significance of association might be worked 
out later in segregating the materials by individuals as far asposaihla. 
By the first of April there seemed no likelihood of completely exhaust¬ 
ing the occurrence before the beginning of the rainy season^ so work 
was discontinued with the expectation of returning the following 
yean The collection that had been accumulating in one of the rooms 
of the akyildia in Pese was hauled by truck to Oefi wliere the com¬ 
bined colJcctitmB wero boicd for shipment. Much apprtciatod help 
was obtained from the U. S. Air Force as General Beam of the Carib¬ 
bean Air Command came to our aid, fumisliing a truck and crane 
(pL 8, fig. 2) to get our 6-ton oollecdou trauEported to the docks at 
Cristobal. 

Most of the La Coca collection was prepared and restored m Wash¬ 
ington, D. C-t during the following year, so that at the time of our 
return to Panama in 1951 we were able to ship back tlie better part 
of die sloth mater ml from that locality for exhibition in Panama's 
musautn. With regard to materials that we hoped to exhibit in the 
U* S. National Musetun it was our plan to select from the more ex¬ 
tensive El Hatillo collection the best association of materials believed 
to represent a single individual, adding to ibis skeletal elements of 
comparable sbe from the same locality, completing, for purposes of 
a free mount, what is known as a composite skeleton. It was to as^^uro 
ourselves of an adequate representation of the material for this pur¬ 
pose that wc ret urned to Peso in 1951. 

During the second season's work, which lasted from near the end 
of January to the latter part of March, I was assisted by Franklin 
L. Pearce, now chief of our laboratory of vertebrate paleontology. 
With the help of six of the local campesinos (pi. 7, fig. 2), soma of 
whom worked for us the previous year, we drainad tho small lake 
which had formed at the old pit at El Hatillo, and by starting new- 
excavations at various places in the vicinity of tlie spring we wero 
able to determine approx i mataly the extent of die bone deposit. Work¬ 
ing in from the nortberiy margin (pi. 4, fig, 3) toward the old excava¬ 
tion we g^stematically covered mo^ft of tlie profitable ground and 
recovered most, if not all, of the worthwhile remaining fossil mate¬ 
rials. Additional fosail bones were detected in the mud deposit some¬ 
what higher and to the east of the spring, but these were found for 
some reason to bo much more poorly preserved and not worth taking 
up, a condition rather ritnOar to that noted for the material observed 
at Finca Aued. 
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Our Becond season at El llatillo was made particnlttrly difficult by 
the (5ontinuons battle nat^r scoping from tlie spring. Evi¬ 

dently die dry season, wldch lasts from January to about April or 
Majj was tliis year preceded by more rainfall than the year before. 
The situation greatly jeopardised our use of plaster of paris, but 
by diligent bailing it wag possible to keep the partially prepared 
blocks of lione and matrix free of excess water sufficiently long for the 
piaster of Paris and burlap bandages to set (pi. 7^ %. 1), TJie col¬ 
lect ion whicb included over lOO plaster-encased blocks, filled 13 large 
boxes and was found to have an aggregate weight of about 3^ tons. 
Again with the help of tlio U* S, Air Force, our collection (pL 8, fig. 1) 
was transported to the pier at Balboa. 

The success of our second expedition may be measured by the fact 
tiiat the udditional materials obtained made it possiblo to select two 
eoniposite skeletons, based largely on the remains of single Individuals;, 
representing mature animals rather near the upper (pL 2) and lower 
limits of size. There Btill remained a rather impressive surplus td 
skeletal material which has been restored and returned to Fiinoma tfl 
join the Ocu collection in the museum at Panama City. 

TAXONOMIC HI5T0BY 

There would seem to l^e little or no doubt but that the correct name 
for the giant Panamanian sloth is Ereni&tAgrium msconiL TIio tar- 
onomio history of this form is rather involved an[l makea an interest- 
ing atory in itself. Tlie species wua first described by the Swiss 
pakontologist Schaub in 1935 from the province of Larji in Venezuela. 
He referml it to Cuvier’s (IT&G) genus Megatheriumy so well kuo^vn 
in the Pleistocene of Argentina, but questioned the possibility of itg 
reprcifenting Parameffalherium as a subgenug. Without reference to 
Schaub’s work on tlic Ti'^cnezuclan material, Spillmann in l&’tB de¬ 
scribed a sliull and other material from Pleistocene depoE^its on the 
peninsula of Santa Elena in Ecuador as the new genus and species 
Er^^mQtAerium carolitiefVf^. Shortly afterward (IIMD), but evidently 
without knowktige of Spillmann's publication^ Hoffstotter^ working 
in Ecuador, described additional material from the Santa Elena penin¬ 
sula wliich be refeiTed to Sehaub^g apecies J/. rus<;omi^ but gave it tlie 
new generic name At the ^me time he described somewhat 

smaller material as the new species SekauMa Discovering 

later that the term SekauMa wag preoccupied for a genus in the cat 
family, he substituted (1950) tlie murio Following 

^SpUliuanih^^ In Vienna, thrjnir^i beHrln^ Ihe Ante 1943 od the 

cover Ib dercrUjcU In a preface Ds rtftdj for printing In tint held ap owing: ta 
war eonditlona. However, It waa not rfieeived lu the Ubrarjof the V* 3, Geotopi- 
eal Snrvej luitil 1951 } beuce aama question ml^t arise oa to the nctnal date ef 
pnhUcatloa. 
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eventutil distributian of Spillnianti’s paper, TToffstetter, in his memoir 
on the Pleistocene mammals of Ecuador publislied by the Geological 
Society of France in 10^2, revised his allocation of the megatherid 
sloths to Erem^thermm caroUnenxt Spillmann and £’rmoM<;rtum 
(Hoffstetter). He regarded tlie larger of the two, E, earth 
linenae^ as distinct from Venezuelan E.ruseonii essentially on tlie basis 
of geographic separation. 

Ill the meantime de Paula Couto in Brazil called attention in a note 
published in IIolTstctter's 1B4[> paper to the possibility of rus* 
coNi'i being a synonym of .V. launllardii^ a species also haring had a 
complez and i^mfused history, originally described by the DunisU 
paleontologist Lund in 1842 from caves in Minas Gerufjs, Bra ail. 
Xevertliclc^ as indicated by Hoifstetter, the tyjje a|>ecimen described 
by Lund consists of tivo small tiieth, scarcely larger than tapir molars, 
which arc evidently immature and clearly inadequate for diagnostic 
purposes, hence should probably be ignored or the name M, hmriltardii 
be left ns a synonym of ;!/. aTn^rimnum as treated by Winge. In 19M 
de Paula Couto retained both Spillman ids and Hoffstetler’s species, 
as well as Schnub’s, and named a new subgcnus and species, E. j>seud~ 
eremotheTium lundi^ on the basis of a composite skeleton from the 
state of Bahia. 1 suspect that a single tropical species is represented, 
as suggested by tlie Pnnamanian materials; on the other hand, de 
Paul a Couto’s allocation of Leidy’s MegatheTiwi mirahils from Geor¬ 
gia to Erefnotkerium seems valid and tlie species may iveU he different. 
In this ease the Georgian species name would be much the oldest per¬ 
taining to Ercitiothsrium, 

FAUNAL ASSOCIATION AND BEI.ATTVE ACE OF OCCURBENCES 

Although representation of the faunas associated with Erejitotherh 
wm at the two principal localities is very sparse, the evidence suggests 
that the two assemblages were not the same, and may not have been 
entirely contemporary. 

At La Coca, near Oeu, TeprespntntiQn of two or possibly three indi¬ 
viduals of EremoikeHum was associated with the rather scant Itmb 
and certain other fragmental materials of two individuals of Toxodon^ 
the large rhinolike notoungulate characteristic of tlie Pleistocene of 
South America. JTo other forms were represented at this excavation. 

The El llatillo excavation near Peso, on the other hand, uncovered 
portions of certainly no les than ciglit, and probably more than a 
dozen, individuals of Gic gigantic Eremotherhim^ including five com¬ 
paratively good skulls, but with these there was no trace of Taxod&n. 
However, there were found associated skeletal portions of a single in¬ 
dividual of the mastodon OuvieronhiM^ characterized by tusks having 
enamel developed in a spiral form. Further representation of the 
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assemblii;^^ tlie baliuice of tbe collection^ is a r^itlier insigniGcant quan¬ 
tity of matcrijil contained in ii collection ilrawer and cotlsiJ^tiltg 

of isolated teethj portions of jaws and other determinable bone frag¬ 
ments. Tlie El Hittillo fauna and the material representing it may bo 
listed as follows: 

P»£iidemy^, tj?.—turtle emrapao© frapmcnta 

Cafrfua | LlnncieuEl —mimjflvy tlaefc j distal Efjad af uliui. 

Eremotherium nrieohEf (^iioub)—slant gnmarj slnthi tbe great 

bait cif ih^ cctllectiua, HlrhoLigli n (*iirt of this niaterlal may repr^ent a some- 
wliat amnller species described by Hoffstettcr as ErcmJixiherium if 

tbia e£LD l>e regarded as dlEtlncL 

Ct Gfaajolhcriam tropfcorain Ouffstettar—biMwid-^out-ed tnylodoat a 

lower JaTT pOFtioa wiLlj Lb& greater jjfirt of three teeth. 

Eecndol Ai'^riuriif, —a bJog-snuiTted aiylodont sloth; two cheek teetlL 

noplujpharli]?, pun^aJbly Lomuphonu, sp.—a glypludont sloth; a idiiglo haiagaual 
scale. 

OtyplfHlon, sp.^jL largo edentate w ith a tartleUke corniisee s two caudal rertehrae 
and Beroral seutoa$ irlth typiciil rObettetuittcm. 

A^ffochoerttJ ef, rabijjfa# (f^dy)—giaat capyharo; a mjLilllary portion^ £rii|;- 
ments of & ebi^iik tooth, uad a segment of an Incisor* 

Cuvier^^nivt, probably C. hyodon tFischerj (=1^^ nncfltiHi Curler)—the ^Jouth 
Arnerlcan mastodon; several portions of one indirldnal fncluding two badly 
worn last molars and SM^tlohs nf the tusks. 

C^uutt sp.—horse, possibly belonging to submenus Ataerhlppuaj three Isolated 
upper cheek teelli, an incisor^ and a toe bouo. 

Tayassulil, eea+ knie t—peccarr; canine tooth- 
QducoilLHitr Eja—deer: amall horiL 

The El HatiUo assemblage corresponds rather dosely to the Carolin¬ 
ian upper Pleistocene fauna deeeribed by IlalTstetter from the Santa 
Elena pemnsula in Ecuador. The Sonia Elana fauna ia better known 
in number and kinds of animals represented, as well as by the quality 
of the remains encountered in all but the giant sloth. The representa¬ 
tion of Eremi^tkerium Is in no way comparable to the niugiuficant 
scries of specimens obtained at El Hiitillo, A aituilurity in the faunas 
exists also in the absence of any repraentatIon of the peculiar ungulate 
types, such as the tosodonts, which were so characteristic of earlier 
stages of ihe Age of Manmmis in South Ajnerica. 

Tlie dearth of forms encountered at La Coca, on the other hand, 
w ith only Ereniotherium and Toj^odon represented, is very like that at 
El Totumo in \>nezuela where Schaub reported only ilc^atheriitm 
(tins is EreTTiotherium)^ St^g&ni4sstodmi and Toitod&n. 1 gtrongly 
suspect that the La Coca and El Totumo occurrences are a little earlier 
than those at El Hntillo uiul Santa Elena, uUliough the evidence is 
not positive, and tliat Too^odon became extinct between the times 
repre55ented. 

The relatively greater age for the La Coca occtirrence in comparison 
witli that at El HaLillo would seem further indicated by the physio- 
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graphic raUtions. At La Coca the remains were preserved on the 
npper surface of a low terrace (pL 3). Tlie materials were here 
found weathering out of the thin superficial remnimt of mud and 
gravely and the spring associated witlj this occurrence and possibly re¬ 
lated to tliB entrapment is now flowing out fiem the steeper elopes 
below the terrace topn. This suggests tliat the shaUow ravine bdiow 
tho terrace has been cut since tha fossil accumulation was formed. At 
El Hatillo tlie pictiue has a more recent look in that probably there has 
been less dmnge in the physiography since accumulation of "the fossils, 
Although the surface lias a fair fslopc^ the ^te (pL 4) is cumsntly a 
hog and tlie bones were found near the surface at tlie periphery of the 
mud deposit associated with the springj up to depths of around 7 feet 
{pL 7, fig- 1) toward the center of tlie area where flow of water was 
greatest. It is of further interest to note that although boggy condi¬ 
tions prevail at the present time^ no remains of domest ic animals were 
founds such as dogiSi oxen, pSgSj and pouItry^—somewhat surpriaing 
considering that tlie iimnediate area apparently has been well settled 
for nearly 400 yeara^ 

DESCRIPTION OF THE GIANT SLOTH EREMOTHERTUM 

Like Megatlieriwm^ Eremotkerium is truly a ground sloth of tre¬ 
mendous bulk. It may be compared in sise with a mammoth or mHste* 
dou but with, of coureOj rather striking differences in form and rela¬ 
tive proportions. The length of the animaTe body, for example^ was 
much greater than that of the American mastodon., with a very much 
firmtller head^ a longer neck, and a long and maBsive tad. The length 
of the vertebral column in a particularly large iudividual measured 
over 16 feet {pi. 2), The hindquarters w^ere particularly robustv This 
is shown in the striking increase in the sia:e of the vetebrae from the 
neck hack to the aacrtim, and the hindlimba, though a little shorter than 
in on average^sisce mastodon, w'ere of mudi greater wunlth. The femur^ 
for exampK while nearly a yard in length, is a few incheg shorter 
JJian in the mastodon with which contparisons were made, but is 19 
inches across the distal portion—more than twice that In the mastodon. 
The compamble parts of the forelijnb of the sloth are a little longer 
than those of the hindJimb but relatively slender by compSprisoti- 

The skull of Eremothe^rium is about 2 fet long with a csomparatively 
slender snout and rather fantastic processes or bony pirojectioiis on 
the arches (fig% i)* The animal had no tusks^ but there are five long 
crowned teeth above and four below, avernging about an inch and a 
half In diameter. Tlio teeth are of a grinding type with two trans¬ 
verse wedgelike crests on each. 

As in other ground sloths the feet of Eremotherium possessed long 
powerful claws (figs. 2^ and pi. 1}* In locomotion the forefoot car- 
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ned its iveiglit on the “knuddas*’ with the distal extremities of the 
metncarpnla resting on the ground and the palm and the daws turned 
in want (see figure at tight, pi. 1). The hindfoot was turned so that 
in locomotion the weight was carried along the outer side of the foot 
with the plantar surface and claw of each li he wise turned inward (see 
figure at left, pi. 1). The length of the hindfoot from the honj core of 
the claw to the heel in oiio animal measured ^6 inebea (figs, 4 imd 5), 
possibly the greatest for any kind of land animal. 



Figuhe 1.^ — Skull [U.&+N.\L Nq. assadited with large ikeleton of 

riu:firn;ii (Schnub) frpm Et N^tillD OLbawn id plate iJid icwtr jiwi of ikul] returned to 
Pinainfl. Nctie finiaistlc pr&jectloTW of the ^^gomatic arch and eltrcmdjT low position of 
orbital rim mdicalin^ locatioil of cyt about on level with teeth* About H natnral size. 

Detailed comparison of tlie skeletal remains of Erem^lh0riiim with 
those of the earlier known Mef^atkerium of Argentina has brought out 
several features tliat indicjnte cloarJy that Ereinctherium is a diistinct 
genus, characteristic, as noted by Hoffstetter, of the more tropical 
regions of tho Americas. In comparing the skulls one notes that the 
palate and lower jaws did not extend so far forward from the position 
of the teeth and thnt the eyes or orbital margins were noticeably lower 
than in Afe^athermn^ almut on a level with the grinding surface of 
the upper teeth (fig. 1}. Also the lower ] aw s, though deep beneath the 
teetli, were not nearly so much so as in and the longi¬ 

tudinal prt^file of the lower margin was not nearly so convex down¬ 
ward. A more detailed comparison of the skulls has been made by 
Hoffstetter, and certain charocteristics of the appendicular skeleton 
were noted by him, such as the form of the femur. To thjg may be 
added that the articulating surface on the head of the femur, for the 
acetabulum or hip socket, faces more prosimally with a more pro¬ 
nounced saddle between the liead and greater trochanter. Moreover, 
Owen^s (ISfiO, pL 33) dlastration of the {etnurQfMgga£k€fiu?ii. shows 
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Fkjtoe 2^—Rl^Eit fort fool fU.S.N.M* Na 2CI6?2, rcvtracd from left, and rompoitte only 
in pirt of carpua) of rusmnii (Scliaub) ftofli El HatiUo, Noie At^nce at ill 

buE i vcBtige of tecoad, ii well as first, di^t or loe (on dgKt dde of fool). Abaut 1/S 
nituraf ai^ 

FtCUat J.—Rig-ht forefoot of iVtgiiilifntim arntri^nnum Bluiuenblftl {«ftcr Rictard Owen) 
fram ArgfDtlm, Note praenoc of compUte and well-developed Bceond digit or toe {on 
right tide of foot). Ojiljf the fait digit U veitigtal. Sliglitly tni than; 1/fl mtnrjl ttie. 

ft better deliiied digitft] or trodimiterlc foessiijor a less defected greater 
trochanter as noted by HolTstettcr. 

Probably the most eignificjtnt difference that distingniehea 
Eremotherium from Meffaikeriutn lies in tho Structure of die tnanns 
or forefoot, not previouiily noted because of the incompleteness of 
earlier described materials of EremoiAerinm. In MegatAcHum the 
forefoot has four toes or digits (fig. 3). The second, like the tliird 
and fourth, is et^uipjied with a well-developed claw, as shown in Owen^s 
illustrations. Moreover, the first and secotid phalanges of this toe 
are separete as in the fourth digit, not co-oEsified as in the tliird. The 
potlei or ‘‘thumb;’ though, is represented by but a “nubbin” of a hone, 
a much-reduced first nietac^rpaL Ereiwlkeriumf however, has only 
t!in» fully developed digits (fig. 2), Tlie wrist bone, known as the 
trapezoid, normally adjacent to the proximal end of the second meta¬ 
carpal, is ap]Mirently fmsed in Eremotherium with both the first and 
second metacarpnls, and the second digit is otherwise represented 
by only a small vestige of a bone, probably the first phalanx, an indi¬ 
cated by ft sraalJ facet on the distal surface of the fused elements. 
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fifth digit, which is ijiTariflhly next to tha ground, lacks a 
tKjth ganera, Eremi^th^riiim hits but two claws on the front 
foot, a distinction rather paralleling that between the liTing two- 
and three-toed tree sloths of Central America-* 


Ficcns t.—Right binJibcit (U.SlN.M. ZDS72, pBrCmClj asunpoaitc BEDOTig' KRtBUer tJirullip 
B.nd phaiiiign cf fourth uid Cfth dJgitx FCH^tgrc^} of Eri^vnth^ujit ru^co^nii (Schiub) 
from F] Hatillop TriaxiniJiS gi Inner margin of loot which turoi in wBlklog. Abaut 

1/9 DBtUTAl HZK. 


Ficu^E S.^Rrght hmdfoGt it 4] of Errmi^tkerium Schpiub from El HAtilla, 

Outer vJew of (wt (approiiniitilT* the donaJ iurfacc of the nomijii mimmallMQ foot), 
Note that ihe hErvdfbct h^d oiJy three toa TnnalncDg', the third to the fifth di^ti, and 
onl) the upper of thifd bad a claw. About 1/9 DaturaJ stee. 

In contrast to the reduction in tots from the normal maiximaliaii 
number, a speciidization regarded as advanced in clmracter, the 
Eremotherium forefoot is primitive in another respect* In certain in¬ 
stances it was noted that the centrale, a small bono near the center of 
the wrist, was distinct and not fused wntli one of the adjacent carpal 
elements* In tliis clement has apparently not been ob¬ 

served separate; evidentlj it early fused with the adjacent uncifomu 
Separation of tliis element, however, la not inrariable In Ere- 
mothmum. 

The hindfoot of Erem^theriwni (figs. 4 and 5) is less distinctive in 
comparison with Megatherium (fig. 6). As in thb genus it had hut 
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three toes, the third to the fifth of the normal mammalian foot. Only 
one of these, the inner or digit ITI, possessed a claw. Of the lost toes 
only a mesocnneiforni, one of the inner ankle or tarsal bones, remains. 
Differences from Megatherium would appear to lie possibly in the 
shape of certain of the tarsal elements j tlie astragalus, for example, 
the tarsal bone that articulates with the tibia, has a better developed 
knoblike portion for tlio inner part of the “ankle joint.” 


Figure hitidfootCFf d«vfiMJHt«f Bltmwflbidi (after REcEuErd Qw«n} 

frem Ar^ntlnA. The kitobllbc promt (top of fooc) on atineAliu It rath«r dlferuit ihan 
Idi ihc EmjiMikfTium foDL Outer Ai in E^urc About l/S situtAl -tszc. 


Ficvee 7,—Rl^t (fi-Bure on left) and left tidet of an anteddr dorB^I vmchn uf 

ibovinjf a remarkable lack of lymmctiy or difference in development. On inc 
right side of the Vertebra (d^uTc on left) the pedidc or lupport far the arch and ipine u 
imkinidy dendcr^ and ibc upper fiiirfacc □£ the ccntmiQ below la much moze deeply 
citRvated+ Aboot natural lixe. 


An ad^tional fentiir^^ coimnent on which has not been noted else- 
wh-ere for this atiimub relates to the lack of synmietiy observeni in 
dorsal rertehrae from tlie third or fourth to about the sixth. In the^j 
the right aenrapophyaia or pedicle of the neural arch is much more 
slender than the left (fig, 7) so that tliera is a much greater nn 

the right ^de hetweeu the arciies of adjacent vertebrae* 
surface of the centrum is noticeably excavated on the ri^h 
the thoracic nerve on this aide were rnuch larger 
than normal, as it eeparated from die spinal nerve 
tween the adjacent vertebral arches. 
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These Tertebrae normally syminetrical in mammals and there is 
no mention by Bichaid Owen of such ft condition thongh probably 
presen tf tn dorsal Tertebrae of Af^g^therium^ A. single reference to ft 
similar condition was found in the case of the mylodont sloth reiiialns 
from the tar pits at Rfincho La Brea in Californifti as described by 
Chester Stock (1925). This was noted for all the second dorsal or 
thoracic vertebrae and certain of the third; again the mors slender 
|>e<lic1e Is always on the right. 

Speculation as to the cause of this a^innietiy may be offered but 
there is no certainty that any of the suggERtions made are a solution 
to tlie mystery, lire nerves and blood vessels passing between the 
arches in these positions should be equally developed on the two sides. 
One might be tempted to speculate on a rather pronouncerl unilftteral 
development of a curt a i n group of muscles. The nervesemergingfrom 
the spinal cord in tliis region, however, are for the meet part related 
to the hack muscles, skin, and certain of the muscles that function in 
breathing. The nerves of the brachial plexus which control the fore¬ 
limbs generally emerge from the lower neck region and from between 
the first segments of the dorsal series. This distribution In the case 
of the gixmnd sloths might have been from tv more posterior portion 
of the anterior dorsalis, but such an implied “righthandeclness” is not 
reflected in the bones of the forearm. 

A second suggestion, which probably does not merit serious cou- 
sideration, is that the iiraiichcs of the spinal nerve in the anterior 
dorsal region communicating with the sympathetic trunk or nerve 
migh*. have been strongly involved in an asymmetric arrangement 
with, for example, the cardiac plexus. The sympathetic, as well as 
the vagus, nerve patterns are notoriously lacking in Byiiimetry, so that 
it might not sectn too unreasonable to suppose that a nonEyrnmetrical 
tie-in with the spinal nerve could have developed in gi'ound sloths. 

As a remaining possibility, in contrast to the foregoing, one might 
postulate suppression, through some means, of the proper functioning 
of the nerves on the left side of the column. This would presumably 
call for compensation through overdevelopment of those on the right. 
Seeking a direct ruMhanical cause for possible suppression of nerves 
on the left one cannot fail to note the proximity of the aorta artery 
to the left of the vertebral centra. The segments of the vertebral 
column involved correspond clorely to the probable position of the 
upper portion of the (tor/a descettdens very near the arch of the aorta. 
This in itself is not peculiar to sloths, but the rather tremendous body 
bulk, coupled with the assumption of an upright posture much of die 
time, lends credence to the suggestion that the pressure of the un¬ 
doubtedly large aorta could have been responsible, Further pressure 
on die thoracic cavity transmitted to the left side of the vertebral 
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column by the aorta would come from use of the pectoral muscles in 
reaching out and pulling toward him the foliage of trees composing 
bis diet, while propped m a relatively erect position by his ma^ve 
taiL 
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The Kitimat Storj’ 


By AkgeUl CflODME 

Engianii 


(WStJi 4 pla-tM] 

One hnudred and fiftj-aeven yeara ago, at the opening of the nin^ 
teenth century, alominiini was unknown- In the 1850^3 a table serv¬ 
ice tliat Napoleon III had made of alnminuin coat more tlian the 
price of an identical one in gold- Yet today the only metal of which 
there is an annual eonsumption larger tlum aluminum is eteeh Ita 
price naturally reflects its changed status. 

The key to this spectacular espansiou was the discoTery of a means 
of cheap production. Tlie ore from whicli the metal is obtained is 
not rare—indeed it represents one-eighth of the globe^s crust—but 
releasing the metal from tlie raw material (bauxite) proTed techuo- 
logically so subtle that this fact aloue preserved until 1898 the price 
of aluminum at the level of the precious metak The result of tlie 
success of Charles Marlin Halh of Oberlin, and Patil I^uis Ilerolt, 
of Parist in reducing aluminum ostide by an electrolytic process 
promptly cut the price by one-fourth. Nevertheless to exploit this 
discovery fully, and to produce aluminum in liuge quantitie^i at the 
lowestt ^lossible cost, requimi the bringing into conjunetiori of fc^itui'es 
not readily found together in nature, namely, the sources of bauxite, 
massive electric power, and first-clasa transport facilitiesi 

Tlie impulse and grand-acale planning of war heli>ed to fuse these 
elements into the reality of act ual dc velopnient projects. The last war 
used up most of the uluniinum that could he put on the market. 
The years of cold war since, combined with a period of intensive 
reconstruction and industrial expansion as well as increased civilian 
necfl, have maintained the demand well ahead of supply. But these 
conditions have quickened engineering imagination, brought into focus 
parts of the world that have never been thought of togetJier before, 
and provided the colossal capital sums tiee<led to put through develop¬ 
ment schemes of the grandest sweep. 

* Heprinted bj pernilastoti from DiBcaTery^ vtiL 1T+ Na. 4^ Ariil lOod, 

^55 
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Britain is currently using 252,000 short tons of aluminum per year 
ou new aircraft, new buildings, new electrical install at ions, and on 
otlier wort. To supply Britain and other countries of the free world, 
the wilderness of a forbidding comer of northwestern Canada has 
been tamed and harnessed in 40 months. A city of 13,000 lias risen 
where formerly only a few Indians wandered in summer months, and 
to Catiadian tJiores come ships with alumina, the mining and proc¬ 
essing of which in Jamaica bring new employment to West Indians 
half the world away. 

The production of 1 ])ound of aluminum ingot requires 10 kilowatt' 
hours of electricity. The electrical |iowcr consumed in producing a 
ton of aluminum, it has been estimuted, would meet the demands of a 
normal household for 10 years. 

Massive untapped reserves of electrici^ are nowadays rare. Wi thin 
the Commonwealth they are to be found in tlie few large areas re¬ 
maining undeveloped, such as the province of British Columbia in 
Canada, and in British Africa, Surveys had been made of tlic Tahtsa 
Lake area of British Columbia, once, twice, three times, between 
1874 and 1950. The acute world demand for aluminum made the 
possibilities which tliese surveys revealed economically workable. 

In 11)48 the Aluminum Company of Canada started negotiations 
with the provincial authorities of British Columbia, and funds were 
rai^ for the initial capital outlay of a scheme which is expected, 
ultimately, to cost in excess of £200 million. This colossal develop¬ 
ment }ob was now ‘‘on,” Kitimat found itself on the map, 

tite plan 

‘^Kiiim.-it'* is shorthand for the whole development project. This 
comprises live distinct engineering schemes And 19 hung across on area 
more tlmii 200 miles long. The name actually derives from the site 
chosen for the smelter at the head of tlie Douglas Channel, a navigable 
inlet running 80 miles up from tlie northern Pacific, 

The unusual topography of this coast range of mountains has pro¬ 
vided the opportunity which the planners of Alcan * have so boldly 
seized. The crest of the roj^ is only a few miles from the sea. More¬ 
over, owing to heavy glacial action during the Ice Age {when the 
whole of British Columbia, save the highest mountain peaks, was iced 
over), long, deep, narrow valleys were scoured out on lioth sides of the 
crest. The sea flowed into the westerly valleys to form long fjords; 
the fjordbeads (at aea level), lying within a mile or two of tlie high 
peaks of the mountain barrier. The volleys on the eastward side 
descend more gently, but the heads of the lakes approach equally close 
to the crest of the monntain range. The westerly point of Tohtsa 


* Alcan la tbe term by whJcb tbe AJumininii Company of Unowa. 
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Lake^ at the end of a 150-mile late chaiti» is only some 15 miles from 
sea leTel (Kemano) on the other side of the inouotains. 

The engineetfi^ ploii had a magnificent simplicity. The outflow of 
tliB Bjatcm of lakes would b© stopped at the eastern end. Then, when 
the tiarroiv boat-shaped vessel of water thus formed was full enough 
it would be forced back over its opposite ‘^lip,” thrmifffi tlie mountaiiis 
to the seaward side^ Here, the fall of water would be turned into 
power. Then the electric power in turn would ba transnaiUed to 
Kitimat itself^ some 50 miles away at the head of a navigable channel 
where the Jamaican oside could arrive in ships. The power would 
be used to make aJuminiim at Kitimat and this would then leave for 
the markets of the world by water through the same sea channel. 
Eight hundred and seventy-three billion cubic feet of water would 
thus bo turned into 550,000 tons of aluminum each year. 

The successful execution of four uneonventionaJ construction jobs 
was fundamental to the whole plan. The dam necessary to hold back 
a 150-miJo stretch of water from its accustomed canyon outlet would 
be the largest rock-fill dam in the world. A tunnel running 10 miles 
through the solid rock of the mountain barrier would bring water in 
two SjfMXbfoot-head, 11-foot-diameter pressure conduits (the largest 
pressure conduits known) to turbines on the other side. At the foot 
of the mountain a powerhouse containing ultimately 15 of the world^e 
most powerful generators had likewise to be excavated and installed 
Inside the mountain. And^ finally, to bring the power to the aluminum 
smelter, a power line carrying the largest conductors ever made must 
be flung over 50 miicfl of ferocious snow-clad mountains. At one point 
tho chain of pylons rises 3,000 feet above the tree line to a 5,300-foot 
pftss, where 80-mile-an-hour gal^ rage in winter and the snow lies 
20 feet thick. 

The smelter alone in the project was of conventional design. Tt was 
simply to be the largest ever built* 

Of course these five main constmetion features of tlie total develop- 
meut were not begun in sequence. But it is convenient to treat them 
here oonsecutively, beginning at the stage farthest from the alummum, 
at the Nechako Canyon through which the lakes had previously been 
drained to join the Fraser River. In fact the work on the eastward 
dam (now to be Hilled Kenney Dam) HJid the clertring of the foreshore 
at Kitimat in preparation for the smelter, tlie building of port fficilities 
and a city, began almost simultixneoufily during the summer of 1^51. 

the dam atto storage reservoir 

Rainfall over the watersheds draining into the long lake chain above 
Nechako Canyon varies from 10€ inches a year at the western end to 
about 20 inches at the lower eastern end. The watershed area above 
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Kenney Dam is practically 5,500 square miles. A further 2fl0-sqnari^ 
mile watershed, that of the Kaiiika-Kidprice LakeSf <^aD eventually bo 
diverted into the main system. Wlien the storage reservoir has risen 
to its scheduled level it will have a capacity of 873X10“ cubic feet, 
although the rise in level will only be 15 feet u\ the TaliLsa LakcT at 
the western end. The reservoir surface area will th^n be 358 square 
miles, double that of the original lakes; even so the depth of water at 
the upstream face of the dam will be little more than 300 feet Tlie 
full reservoir surface level will stand nt 2,800 feet above sea levels with 
the inlet to the power tunnel nearly 100 feet below this surface. 

The Nechflko Canyon site of the main dam w^ag too deep and narrow 
for the usual cofferdam procedure for drying out the channel where 
the dam was to go. A new river chaunrl w^ps therefore drilled into 
the bank upstream, carried 1^530 feet inside the motiutaju in a sweep¬ 
ing arc, and the water debauched again into the river well below the 
dnm aite. This diversion ttinncl was cut and completed in two months 
during the summer of 1951. 

The thousand men working on this section of the development were 
now able to start clearing the river bed. Canyon walls and water 
ehan uel were st ripped do wn to tlie solid bedrock. A concrete si ab^ 150 
by 82 feet and 10 feet thick, was spi^ad on the cleared reservoir floor. 
Upon this, the placement of the rock of which the dam was to be 
fonnwl began to rise on May 20,1052. 

The rock came from quarries in the surrounding mountains. Four 
mi 11 ion cubic yards of fllling rock was u$ed. It took the 1,000-nian 
labor force six months to shift and placo this materiaL At 45-Beeond 
intervals tiirougbout those summer months one of a fleet of trucks 
dumped its load on tlie dam, its drivers^ movements radio-controlled 
from a central tower. 

The construction of die rock-fill dam is of special interest in the 
case of the Kenney Dam since it bolds a highly critical position at the 
head of a major tributary of the Fmser Eiver. ITere is the technical 
description of the Chief Engineer of the Power Department of Alu¬ 
minium Laboratories Ltd+j" K. L. Ijawton, w'ho has been clo^ly as¬ 
sociated with Kitimat: 

, . . Uie laad-canTSup alemeiic la a heufy ract-tlll tLompplUv Elaiced^ lupport- 
Ina OB the apsti-eaiD slope an liiJ|n?rvloufl aecttoa of ealled^artli eonatrUcrtloD en- 
cdwicd between suitable filler ifiyera. The xrppcr geilion tritli qimrrj- 

run rodE to retain tlii^ filter layers end fmpen lous core, and roalrt wav# cft^aJop, 
The Imi^rvlous core exteaUa from a cul-olT trench In Bound rock to near the top 
of the daiEi. 

Tb« fuLcnan flf the dowBatreom filter layers L, to prevent the Imperriotu core 
tnaterlnj fnim being forced iaio the nJek-flU by the water pressure, whtrws the 

’ AJumlaium Laborstcirtes Lfmlted is a tnihsldtarj ol AlmntDlnm Lloilted In the 
sfiuae ffroua of compaiileB aa Alcan. 
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upatrentn ftUef Sfijem perform a simllHr fDnrtlno trJtb to tho Trpstreain 

blanket of qiin.rTr-mD rode. Tbe dowiistrmna flltors eempriae tbrt^ layers; 
mcdlntely cJowugtream tn>m tbe linperTiims cor^ a lay or of saEl % lacb and 
i^allor ; next eni-slif^J r«i-k fir linivfb 3 Inehoa; aad, HaitHy, adJokuIrijE tbf mrtln 
rE»L^k-ai1 a layer of lO-Eneh telected rock. Tbe upstreiLm filter la simlinr hni La 
tbe rererse aense. 

Below the Inipcrrtona tore^ effect Ive cut-off la aaanred by a prout cnrtaliL TblB 
ws^a deretiJpod by srroulin^ tie opper 25 feel of rock at pressaroa ftf pbinit SO \h, 
per aqua re Incli^ then coailtioltig to tbe necesaairy depth by deep hoJoa drilled 
through the consolidated opper none, iisLnjf higher presanna^ 

Another point worth noting is that the oripnal l-in-l./i slope of 
tho iipstreani face was increased to l-m-3.5 during the tnodel tests at 
Iho University of California^ bb an adiiitioiia] safety mc-asure. In 
view of tlie dam’s elaborate and scientific packing, the ckini that its 
life will bo measured geological^ not historical is probably 

justified. 

On October 8| 1953, the diversion tunnel above tha dam was closed 
and the storage reservoir begnu lilling. The water hag been rising ever 
since* The 2^S00-foot-elevation level should be reached in 1057. 

Coloring an account of the construction of this, tlie world s largest 
rock-fill dam nearly 3,000 feet up in the momitiiing, there should bfi 
a sense of the acute inaccessibility of the region and the himian liard- 
aiut>s til at this must bring* Nechako Canyon is nearly 100 miles 
from the nearest railway statioiL To bring the heavy equipment and 
tlie men to the site a heavy motor road had to be driven 60 miles 
through virgin country. The Canadians did this in 12 weeks fiat* 

THE POWEB TUXNEL 

Tlie fitoragB capacity of tlie reservoir permits a regulated flow esti¬ 
mated at 6,920 cubic feet per .second for the powerhouse turbines. But 
fillet the water liad to be tbnist 10 miles through solid rock to reach 
iliose turbines. 

The boring of the tunnel started on October 22, 1951, from the west¬ 
ern shores of Tiditsa Luke* On November 4 the bore into tlir iijountain 
from the seaward side began* Two further mining crews attacked 
from a midway shaft driven into Mount Du Bose at Horetzky Greek; 
one of these crews bored eastward from this pointy the other west¬ 
ward. 

Mining operations on die western mountain face were complicated 
by the need to start drilling half a mile up a heavily wooded and al¬ 
most cliff-steep slope. An overhead^able railway solved this problem* 
Tlie cable car, weighing 9 tons itself, could convey 20 tons of machinery 
or 60 men per trip. 

Within tlie tunnel higJily coordinated teamwork operating a newly 
developed large-scale drilling tecknique chewed through the rock 

41257 B—B7-^24 
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at tha rate of IS-feet-plus in two hours. A tonneling team consisted 
of 40 men. Ten 'worked on each face of the tunnel, perched on four 
platforms on a movable scaffold known «s a “jumbo,” Up to 100 blast 
holes 15 feet deep were drilled. Then the jumbo was pulled back and 
the drill holes plugged witli explosive. After the detonation tJie 
broken rock was loaded into trollejs, dragged to the entrance, and 
dumped. Then the cycle would be reiieated. Tlie tunneling con¬ 
tinued round the clockj the men working shifts, for 20 months. On 
December 2, 1053, two grimy miners grinned at each other through 
a jagged hole deep inside the mountain. The tunnel from the east 
had met tlie tunnel from the west—dead on center! Three times the 
world tunneling time had been cut; the final record was in 1S53 when 
282 feet were bored in a single 6-day week. {This was through 
granodiorite, a most satisfactory material for drilling.) 

Tlio completed tunnel was l&.I miles long with a diameter of 25 
feet. A second, following the same route but 300 feet away, is 
euvisuged in the final development. 

TUI PO’ffERTfOUSE 

Kemano hydroelectric powerplant is to la* fhe Inrgcst underground 
powerhouse in the world. When the full complement of 16 160,000 
liorsejiower generators fire installed it will have a total capacity over 
three times the ultimate inslnlled capacity of Harspranget in Sweden, 
the closest rival. Work on digging out the powerhoit.se cavern began 
at the end of the suinmer of 1061, and this job alone took nearly two 
years. The plant is nearly a third of a mile inside the mountain, so a 
27-fbot-wido access tunnel hnd first to be driven as far as the location 
of the power chamber. A total of 570,000 tons of rock made room for 
this. The cavern necessary to house the full eight generatorfi envisaged 
at thfl completion of Stage 1 (the “6-year plan" for the sclieme) is 
ample to hultl the Queen E2i3abeih. Today the powerhouse is 32 feet 
wide and 13a high, and Is 700 feet long. To iostiill the eight more 
generators allowed for in the plans tlie building must be cut another 
400 feet into the rock. It will then be more tlian a quarter of a mile 
long. 

The Kemano generators are driven by the largest muUinozzIe 
impulifie-turbines ever devised. These turbines are vertic.il, single- 
runner, 4-no7zle type designed to produce 150,000 horsepower st 32T 
revol utions per mitiu le. They d r i ve d irectly 3-plmse, 60-cycle, 13,800- 
ToU generators rated at 122,000 kilovolt-amperes. The power from 
each group of generators feeds into a bank of three single-phase 
30,000 kilovolt^^iiere tranaformers. A 300,000-voit, 4^inch-diameter 
power cable, with 00 pounds per sijuarc Inch oil pressure, caTriea the 
transformer output 2,000 feet to the surface switchyard. (This power 
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cable IS rtinner-Rp for the world record; the only larger one ia the 
380j000-volt cable in use at Hnrspraiiget.) 

To carry out all this work a settlement of about 5*000 people was 
established at the foot of Mount Du Hose by 1953. Apart from the 
forbidding country around^ they were snug. They had their own 
neat homes, schools, churches, and in the cinemas first-run HollywocKl 
films were screened. A 2-lane road ran 10 miles down the valley to 
the anchorage on Gardner Canal —and the rest of tlio world. 

THE POWERUNE 

It 13 certain that without bclicoptet^ the power so boldly seized at 
Kenney Dam and Kemano would never have been piped across the 
mounbiins to tlie atmninmn ore at Kitimat. Grit can get men so far 
but it cannot swing heavy loads to an eaglets eyrie—and this was the 
sort of tusk that waa now ahead. Between Kemano and Kitimat lie 
50 miles of savage mountain country, clogged with snow and lushed 
by winds that could rise to an SO-milo-an-hourgale off the sea. At one 
point on the route the transmissJon line must go over a 5,3OT-foot pass, 
the highest elevation in the whole project. In these conditions hun¬ 
dreds of specially strengthened pylons had to be set up and the massive 
transinissdon cables rigged^—the biggest ever made and designed to 
support a 5-inch glieath of ice if necessary. It was difficult enough 
getting the men to some of the sites, not to speak of heavy etjuipmenL 

Seven helicoptera were brought to Kitinmt, the largest fleet to be 
used for civilian purposes at tlial tlme» But there were other snags. 
Car] Agar, one of Canada's best pilotaj w'as called west to pioneer 
high-oltitude landings and takeoffs. Tlie rarefied atinosphem and 
treacherous mountain downdrafts were variables that no one had ex¬ 
perienced on this ^le* 

But the venture worked. In fact the helicopters became so indis¬ 
pensable that on favorable days they 75 round trips on a tight 
schedule—more than at the height of tlie Berlin airlift, as soiuet>ody 
pointed out ! Each maclune would work on a 4rhour shift, back and 
forth, back and forth, without ever touching down. 

Meantime on the mudflats below at Kitimat the new aluminum 
smelter had been going up, and 4 miles away the new town was rising, 
a planned comm unity scheme to house the rapidly increasing popu¬ 
lation in the wilderness. Port facilities were also installed on the 
cleared foreshore. Stalw'art as these rapid achievements were they 
Seem dwarfed by tlie rest of the development story. 

On July 15, 19M, the lu^t switch was made. The power from the 
lakes in the mountains began to heat the smelters. The plant waa 
officially opened by the Duke of Edinburgh a fortnight later and the 
first ingot poured in his view» 
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In 18T1 irhen the Jrrst survey of this area was made by Charles 
Horetzky, surveyor of the mil ways, he wrote of these nioimtains“‘‘A 
terrible silence, broken only now and again by the dreadful crash of 
some fsllhig avalanche, reigned over this scene of desolation.” W^en 
he led a jrarty of three white men and four Indians through a gap in 
die mountains and saw iMineiitli the water of Tahtsa Lake like a Jewel 
in tile waste, he was immediately struck by its ‘^brilliant Mg^t blue 
colour”—the first excitement for the eye for many weeks. 

Now, 83 years later, “the terrible silence” is pierced by the high 
hum of the turbogenerators and the “scene of desolation*’ is peopled 
by a thriving conununity of many tliousands. In 1955 (the first 
complete year of smelting at Kitimat) over 90,000 tons of alnmi- 
num were produced. By the end of 1958, when sis generators were 
in operation, tits output had increased to more Uian 130,000 tons. 
And, if world dettumd continues to increase at its present rate, 16 
generators producing power for £50,000 tons of aluminum a year may 
soon be in ojieration. 


Reprints of the varimta articles in this Report may be obtained, as long 
sa the supply lasts, on request addressed to tie Editorial and Publieation 
Divkion, Smithsonian Institution, Washington 25 , D. C 




Sewage Treatment—How It Is 
Accomplished^ 


By C, EL Kzeter 

Eagineei, Scuyen 
Euram of 5eic4rfj* Ealfimar^ Md. 


[With fi pLateil 

Man^b DmiiE to enjoy the amenities of nrban life Heis brought with 
it many diJfiGuit problems that demand prompt and adei]uate solutions. 
One of these, whicb up to aboat 100 years ago had remained unsolved t 
related to the satisfactory treatment and disposal of municipal sewage^ 
Many factors were instrument a] in directing the attention of legis¬ 
lators, BanjtarianSj and cnginecra to this problem. Among these 
factors were the increased use of water, which served as a meanB to 
transport municipal wastes to the nearest watercourse, the phenomonnl 
growth of our cities with its ooncomitant increase in the volume of 
municipal sewage^ the growth of our Imowledge of water-borne dis’ 
ease, and an aroused public opinion that dean watercourses are coa- 
dticive to the general welfare of the pubEc. 

WHAT IS SEWAGE! 

The purpose of this discussion is to indicate the Tanoue methods 
that are used to treat municipal scWage ^ that 8^ or DO percent of 
the organic and suspended materials and at least DD percent of the 
bacteria can be removed at a reasonable cost. To understand liow the 
various treatment processes funciion it is deeinible to know what 
municipal sewage is and how it is coEeeted.- 

Sewage has been defined as “^the spent water supply of a conununityj 
together with those human and household wastes that are removed 
by water carriage, supplemented in some instances by street washings 
and industrial wastes.” Sewage consiEts of the liquid djscliarg]Q from 

’ This paper a turlof ile^cnrlption of tbe m«re Smportnnt fad UtlEs fontiU 

hi modem Bewage-trefltnient pLanta. Xo Bttempt baB been tnade to dea*Tlbe all 
of tJie means omliable for trentlug Bewag?, Tbowe fadUtlea that foove been out¬ 
moded. that are little mseU, or tbat am jet Uare not become weU^tabiished 
proceteeti hare not been d^&cns^e^l. 
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kitchens, laundries^ and bathrooms of residences, hotels, hospitals, 
schools, and btisiness t^ablialuneiits. This liquid is quite frequently 
augmented by the liquid wastes, u.sunlly culled industrial wa^stes, from 
various industries, such fis duiries, laundries, slaughterhoiisB?. and 
food-processing plants. 

The character and the strength of sewage will generally de| 3 end 
upon the water consumption and the umount of industrial wastes 
present Where a city uses a large quantity of water* it often dis¬ 
charges it into the sewers and the strength of the sewage is diminished* 
On the other hand, if large quantities of inditatrial wastes are diaptssed 
of into the se-wers, the strength of the sewage is usually inermsed. 

The type of sewerage system m n city will affect the character of 
the sewage. There are two types of sewerago systems in general use t 
the separate system and the combined system. A separate system con- 
sista of two distinct groups of sewers, one called sanitary sewers and 
the other called storm sewers or storm dm ins. Sanitary sewers ro- 
ceivo tlie discharge from bathrooms, kitchens, and Inundries m resi¬ 
dences and business establishments and the industrial wastes from 
food-processing plants, manufaeturing plants, etc. This discharge, 
called sewage, may flow cither into a watereosirse without treatment 


or to a sewage-treatment plant. The storm sewers or storm drains 
recOTve the storm flow from streets, sidewalks, roofs, lawns, and unde¬ 
veloped areas. The discharge from storm drains generally flows 
untreated into nearby watercourses. 

^ The second system of sewers, which is in more general uaei, at least 
m medium-Biae and large cities, is the combined system of sewers. This 
ey^tein receives boLli the sewage from dwellings, industrial plants, and 
other sources, and the rain water and surface discharge from high¬ 
ways, roofs, and similar area^ Where the sewage from these two types 
of sewerage systems has to be treated^ some differencea in the design 
of the sewage-treatment works arc accessary. 

Sewage has an appearance not unlike that of dishwater, in which ia 
Huspended u wide dlversitj of materisila such os fruit skina. pieces of 
paper, match sticks, and fecal matter. One nsefid measure of the 
strength of sewage is the amount of suspended solids in ih The quan¬ 
tity of suspended matter in tJie sewage from cities in the United States 
will generally average from 0.02 to 0.03 percent by weight and the 
quantity of water w,ll exceed &9.0 percent. Although the amount of 
suspended solids when evaluated on a percentage basis is small the 
total daily amount from a large city can he considerable. For ex¬ 
ample, the suspended solids in the sewjige from WushinMon D C 
amounts to nhout 113 tons a day. Sewage also contains organic and 
inorganic solids m solution, together with vast numbers of viruses and 
Bctcna. A useful measure of tJie strength of sewage, called the bio- 


SEWAGE TEEATMENT^—KEEFER 


365 


chemical osygen demfmd^ is the amouDt of oxygen requiri^d for the 
biochemical oxidation of the decomposible matter at a given tempera^ 
ture within a given time. 

SEW ACE TEEATMEOT PROCESSES 

The treatment of sewage can be accomplished in a variety of ways. 
The type of treatment selected depends upon a nmnbet of factors such 
as the reiation^Jiip bciweeii tlio volume of sewage to be treated and ihe 
minijiium flow in the watercourse into -which the sewage discharges, 
the use to which the watercourse is put, the cosc^ and the land available 
for a sewage-treatmeht plant and the nearness of built-np ureas to the 
plant site. A low flow of sewage fmm a small community, discharging 
into a large wntertoijr?^, may require little if any treatment, wluM ea^ 
a large flow discharging into a smal! watercourse will reciuire a high 
degree of treatment. The use to which the watercourse is put will 
have a decided btuiring on the type of treatment. Where tliere are 
slicilfish ureas in Ihe watercuur&e or where it is used for recreational 
purposes such as swimming or bathing or is a souni'e of ivater supply, 
a high degree of treatment is usually necessary, "Wliere laud is costly 
or where expensive foundations are required to support the sewage- 
treatment structures, it may be desirable to select those types of treat¬ 
ment units tliat occupy a sinail urea of ground. The nearoe^ of sew¬ 
age plants to residendnl or biisinesa areas pJay^a an important role iu 
the type of truatmeut selected. Wliere dwellingH or business c^tablidi- 
ments are close to a proposed sewage-trefltment plant, that type of 
treatment should be adopted Avhich will be relatively free of odors and 
other nuisances. 

SEWAGE SCREENS 

Ih'actically every sewage plant is provided with a sewage screen. 
Tile chief function of screens b to remove large suspended solids that 
may clog pumps and small pipes. Semens can he classdied into two 
tyjies : coarse and fine^ Coarse sercena are made of pamilld steel or 
wrought-iron bars with dear openings of about half an inch or more, 
whereas fine screens have openings well under Imlf an inch^ 

Coarse screens can he eitlier manually or mechanically cleaned. 
Ttiey are generally placed (ph 1, fig* 1) in a chamber or channel at 
right angles to the flow of sewage in an inclineii position to facilitate 
eiise of cleanings Suspended sol ids in tlie sew ago are caught on the 
upstream surface of the screen and am raked oil nianually or 
mechanically^ 

Various types of fine screen are m use. One type consists of a drum 
made of bronze pUtes, containing perforations varying from about 
one-sixteenth to onc-cighth inch in width* The dnuii {see ph 6)t 
whiGh is rotated by an electric motor, is partially submerged with its 
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boriEontal axis pa mile I with the siu'fflcc of the sewagft. Different 
methods of cleaning fine screens have been adopted, one of which is by 
revolving brushea. 

Screenings, wliich are nsnally quite objectionable^ are disposed of 
by bieineratioD, by burial, or by mixing with municipal garbage. One 
method that has been practiced to a considerable extent for the past 
25 years has been to masccrate the material id a grinding machine and 
discharge it back into the sewage* Tkie method of disposal is espe¬ 
cially applicable where screenings from coarse Bcreens are disposed of, 
since the quantity of solids Involved is small and the ground material 
can be removed from the sewage by subsequent treatment processes. 

A device cjdled a comminutor^ which combines the properties of a 
screen and a gi-Iiider (pi. 2, tig. 1), consists of a slotted rotating drum, 
installed in a sewage channel. The sewage flow's through the hori¬ 
zontal slots in the di-um. Attached to the outer sm^faco of the drum 
are a series of pro] act ions, on which tlie screenings are canglit. As the 
drum rotates, it passes through the teeth of a stationary comb and cuts 
up the screenings into such a sixo that tJtey flow tlirongh the slots with 
the sewage. 

QRU CHAFERS 

After sewage has been screenedn, usually the next step in the treat¬ 
ment process consists of removing the grit in one or more tanks, called 
grit chambers^ Tlitise diajnbors treat the sewage from combined 
sewerage systems, which contains considerable quantities of sand and 
similar materials in the discharge from highways and unpaved areas, 
and in some instances si's provided to treat the sewage from separate 
^jrstctns. There is a variety of designs. The size of the tank (pi. 1, 
fig. 2) governs the velocity of flow of the sewage passing through it 
so tlmt tlie grit settles on the bottom of the tank and the lighter organic 
matter passes out with the elilueDt. The length is such that the sewage 
is retained in the chamber about 1 minute, and the traverse cross sec¬ 
tion is usually such that the velocity of the sewage is about 1 foot per 
secontL Tim quantity of grit removed varies from about 1 to 10 cubic 
yards per iniilion gallons of sewage treated. Grit is disposed of by 
incineraLicn and by making lills at sewage-treatment pIanL& 

TAims 

srsMMLKi:: tatcks 

As SBwnge eontai^ considerable grease and oil, specially designed 
tanlfs for the collection and removal of these materials have been used 
to some extent. The tanks are generally small with detention |»rioda 
ranging from il few tninules to about 15 minutes. One type is rec¬ 
tangular in plan witli a V-shaped cross section. It is divided longi¬ 
tudinally into ihreo eompartments by two vertical walls, which estend 
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nearly to the bottom of the tank, Poron.? diffusers are provided at the 
bottom of the central compartment along the center line of the tank. 
■\Tlien aix is blown tluough these diffusers, it carries any grease and 
oil to the tank surface where these materials are removed manually. 

SEDmUNTATEOy TAaiS 

After sewage has been screened and the grit has been mnoved, It is 
processed to remove a cx>iisiderQble percentage of the suspended solids 
by passing the sewage continuously through sedimentatioa tanka at a 
greatly reduced velociiy* The suspended solids settle out and are re¬ 
moved in a variety of ways. This deposited material is called sewage 
sludge^ 

In the United States sedimentation tanks arc of such size that the 
sewage is retained in the tanks for about 2 to 3 hours. During this 
detention period about 35 to 40 percent of the oxidlzable materials 
and 60 to 70 percent of the suspended solids are reiiiovEd, 

Setlimentation tanks are of many different types anti shapes. They 
are aU designed basically to obtain a reduced and uniform velocity of 
flow throughout the tank, with tlie ratio of tank surface to tank volume 
large, and to remove the sludge rapidly and in as concentrated a con¬ 
sistency as po^ible. They are usually square, rectangulsTj or circular 
in plan, with workifig depths vaiyitig from 5 to 6 feet for Email units 
to almost H feet for large ones. Various methods have been devised 
for removing the sludge. In the older desigris tliis wa^i done mnnunlly. 
After a tank had been in service for several days or ^veeks, the Haw 
Tva^ diverted to another tank and the supernatant was pumped or 
drained off until the sludge was espcfcsed. This material was then 
squeegeed or flushed with water to a pit in or near the tank and then 
removed, usually by pumping, for further treatment or disposah 

Another type of tank that ^till has a limited use la provided with 
steep floors that slope to a sump. From here U^cre is a drain pipe 
through which tlie sludge discharges to some point of di^jKJsaL 

Tlie type tJiat has come into almost universal use dttring the past 
30 years is provided with mechanically operated equipment for remov¬ 
ing tlie sludge either continuously or intermittently. One type of 
equipment that is extensively used in circular tanks (text fig, 1) con¬ 
sists of two trus^a ninde of structural steel shapes suspeoded immedi¬ 
ately above the tank floor and supported at the center of the tank. 
Thin metal squeegoea arc attached to the besttoms of the trusses imd 
make contact with the tank floor, which slopes toward the center of the 
tank. The whole mechanism is rotated eIowIj about the vertical center 
line of tlie tank, and tlie sludge is niovetl by tlie squeegees toward the 
tank center. From here the sludge diisclaarges through a pipe as a 
result of the hydrostatic pressure of the superimposed sewage. An¬ 
other type of cleaning equipment adopted especially for rectangular 
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^NUPUL faJniiti 

Pigukk^L—D orr llfeed_»ecilmjecilatuin^ta nV, 

tanks (fig. 2) coiisistfl of a series of wooden flights or squeegeijs, tiie 
ends of which are connected by two endleaa chains. The flights rest 
on the bottom of the tankj and as they ara moved by motor-driTtn 
spiwkieta, they scrape the sludge to one end of the tank. There are 
Various other mechanical methods of removing sludge from sodimenta-^ 
tion Unks, which are modifications or refinements of the two above 
mentioaBd- 
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Ficuhn 2.— SedicnentJttktn unk with itriieht-liDe conveyors (Liok-Rcit t/pc.) 
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CHEltlCAL PRECrPITATlOIl 

At oDe time tie chemical precipitaticD of sewage was e3:teriBiTely 
adopted ^ today, however, it is little used. The process consista of mix¬ 
ing one or more chemicals witj^ sewage to produce an iasolubio or 
slightly soluble floe, whkh enmeshcG and precipitate particles in Bus- 
pension. The facilities required to treat sewage by this method con^E 
of equipment for dosing and mixing the chemicals with the sewage and 
sedimentation t jinkf^ in which the precipitated solids can be removeiL 
One or more of a number of chemicals arc employed in tho precipita¬ 
tion process. Those most frequently used are alum, lime, ferrous sul¬ 
fate flud lime, ferric aulfate, and ferric ddoride. Using cliemicals to 
precipitate the sewage solids increases the amount removed and conse¬ 
quently produces a better effluent, Chemical precipitation will remove 
70 to 80 percent of the biochemical oxygen demand and 60 to 00 per¬ 
cent of the auapejided solids and bacteria. Chemical precipitation 
gives a degree of treatment intermediate between that obtained by 
plain sedimentation and that by oxidation proocascs to be described 
later. 

SEPTIC TASKa 

A septic tank (text fig. a) i& a sedimentation tuiik in which the 
sludge remains for a considerable time and decomposes as the resiihr 
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of anaerobic- bacterial uction. From time to time after the sludge has 
digested^ it is remoTcd and disposed of. Tlie septic tank was m- 
vented bj Donald Cameron in 1895 and was adopted by many large 
cities. Tho objections to septic tanks are that they produce un¬ 
pleasant odors and the eillijent often hecomes containintited with sludge 
solids, wliidi, after decomposing on the bottom of the tank, rise to 
tlie surface of the sewage and flow out with tlic effluent. They have 
not been installed at medium- and large-sise sewage plants for mamy 
years. Their use has been restricted to treating the sewage from in¬ 
dividual dwellings, small real-estate developments, schools, hospitals, 


etc. 


niBOFP TAKES 


An Imhoff tank (fig. 4) is a two-story tank, designed to remove 
the suspended solids from sewage in an upper or sedimentation com¬ 
partment and to provide space in a lower compartment for tlie di¬ 
gestion and stabilization of the solida. The sedimentation compart- 
ment is usually of such a size that the sewage takes 2 or 3 hours to 
pass through It. During this detention period the velocity of the 
flow is such that tlie suspended solids settle on the sloping floor nnd 
slide through a slot in tlie floor into the lower compartmenL The 
solids are retained in the digestion compartment for several weeks 
or months until they have decomposwi and have lost much of their 
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objectionable characteristics. In the operation of Iinlioff tanka the 
top of tlio aludj^ in the digestion coin]>artinent is maintained well 
beloxp the elevation of the alot5 connecting tlie sedinientation and the 
digestion oompattments to prevent the reentry of sludge into the sedi¬ 
mentation compartmentT which would adversely affect the clarity of 
the efiJuentp Decoin|XKed sludge is withdrawn from the tank through 
a pipe (text fig. 4)^ the lower end of which terminates just above 
the bottom of the digestion compartment. One dlstinguisimig charac¬ 
teristic of IrnhofT tanks is that gas-lifted EoUdB in the diged:ion com¬ 
partment, as they float upward, cannot renter the sedimentation 
compartment and contaminate the effluent. 

Imhoff tanks, which were first adopted in Germany, were a marked 
improvement over septic tanks and were built at many sewage-treat- 
ment plants in this country such as those senung Akron, Ohio; Fitch¬ 
burg, Mass.; and Fort Worth, Tex- During the past 30 ycatr^, how*- 
ever, Imhoff tanks have been siiperBcdcd by mechanically cleaned 
sediment Lit ion tanks and separate sludge-digestion tanks, 

SECONDARY TREATItTENT FACILITICS 

In many instancea the above-mentioned facilities do not fm'niah 
the required degree of treatments Such is the case if thei*c is an 
insufficient volume of diluting w'atcr into wliich the sewage effluent 
discharges. Tlie three pHncipnl types of supplementary treatment 
usually called secondary treatment, are intermittent sand filters, trick¬ 
ling fillei’s, and the activated-sludge process. Although intemiittent 
sand filters were often employed 50 years ago, their present use is in 
general restricted to those plact-s wlir.re the ^wuge flow is quite stnull 
and where a high degree of treatment is requirwL Either trickling 
filters, or the activated-aludge process arc widely adopted where sup¬ 
plementary Lreatment is called for. The activated-sludge process is 
more generally used than trickling filters where large sewage flows 
must, be treated. 

£irrtlU4ITTP<«T RLTZBS 

An intermittent sand filter consists of a bed of sand varying from 
30 to inches in depth. Each bed ig surrounded by a low earth 
embankment, and one or more pipeliues ^dtli |icn joints are provided 
at the bottom of tlie bedi? to drain off the effluent. The raw sewage is ap¬ 
plied, at stated intervals, to Uie beds to a depth of about 3 inches. The 
sewage solids are strained out In the upper few inches of the bed, and 
the effluent is usually quite clear with a Inw suspended solid iisontent 
Between each application of sewage several lioura are allowed to 
ebpse to permit the entry of air into tlic bed bo that the entra|q>ed 
materials can be oxidised. From time to time it is necessary to ro- 
move and dispose of the solids caught on the surface of the beds* 
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Altliough it is possible to apply antreRted sewage to intermittent sand 
filters and produce a good effluent^ the more genera] practice h to 
give tlie sewage prelimmary treatment by coarse screens and sedi' 
mentation tanks. Intermittent sand filters are capable of removing 
as mnch os D5 percent of the organic and suspended solids fixim 
sewage witli tlie production of an excellent effluent. The disad¬ 
vantages of intermittent sand filters are that they require considerable 
areas of land where large volumes of sewage mnat be treated^ and 
they produce disagreeable odors. One of the last large iatemiitteDt 
sand filteration plants in this country was in Worcesterj Mass.^ where 
743 acres of filter beds treated an average flow of over 4 million gab 
lonB a day. They were superseded by trickling filters in 11)25. 

Thtciemc filtejis 

Trickling filters for many years have been and still are one of the 
most important treatment facilities for oxidizing aewagei. A trickling 
filter consists of nn artificial bed of durable material such as gravely 
cruslied stone, or slag, on which sewage in the form of a spray is 
intermittently or continuously applied. The sewage trickles down 
over the surfaces of the stones and is collected in underdrnirts in the 
filter bottom, from which it discharges for subsequent treatment, 
Tlie filtering medium usually varies in size from about 1 to S or 3^4 
inches. Fine-grained material will produce a better eOluent than a 
coarse-grained medium. On the other hand filters with fine-grained 
material are more liable to become clogged with sewage solids. The 
depth of trickling filters varies from about 3 to 10 feet. 

Sevcml ways of applying sewage to the surface of filters are avaib 
able. One miich-UBcd method consists of distributing the sewjige 
through a network of pipes laid on or beneath the surface. Projecting 
vertically upward from these pipes are equally spaced pipes, which 
are usually 3 or 4 inches In diameter and which terminate some 2 or 3 
feet above the filter. At the top of each vertical pipe there is a nozzle 
through which the sewage discharges In a fine spray on the surface of 
the stone. Various means are used to vary the pressure in these pipes 
so that sewage is applied uniformly to the filter both dose to and at a 
distance from the nozzles. 

Sewage is also applied to trickling filters by means of rotary dis¬ 
tributors (pL 2, fig. 2). Tliis device consists of a vertical column, into 
which the sewage enters at the bottom and is drawn upward. Attached 
to this coUnim are two or more horizontal pipes, which rotate about 
the center of the column a few feet above the surface of the filler. 
Sewage flows through these pipes and discharges through a series of 
nozzles on the filter^ The flow from the nozzles furnishes sufficient 
impulse to rotate the distributor so that so wage is applied to the 
entire surface of the filter. 


374 ANNXJAh EEMRT BMITHEONIAK IXSTITUTIOT^^ l&5fl 

When a trickling filter h first put in serTice^ purification of the 
sewage is not grent. However, within about a month or more the 
filter media become coated with slitne, containing a multitude of 
lower forms of tife such as bacteriafungus, fly liirvaei apiders, and 
many types of wonns. As the sewage trickles over the surface of this 
slime, the carbonaceous and nitrogenous materials are oxidized by 
bacteria] action with the production of carbon dioxide, water, and 
nitrates, and with a reduction of 60 to percent in tlic oxidizable 
matter. As tlie bacteria and other forms of life in trickling filters are 
affected by temiierature, a better effluent is produced in summer than 
in winter* 

The quantity of sewage that can be treated on trickling filters varies 
from 1 to 2 million gslions per acre per day, up to 30 million gnlious 
per acre per day or morCi Prior to about 20 years ago from about 1,5 
to 3 million gallons per acne per day of settled sewage wag applied to 
trickling filters, or about 12,000 tg 24,000 persons were served per acre 
by a filter 6 feet deep. Es peri mental work and many full-scale instal¬ 
lations have since indicated that considerably greater applications of 
sewage cfin be made, and that by pumping back a portion of the 
eflliient to the filter influent much larger quantities of sewage can be 
treated with no decrease in efficiency. 

Trickling are used in many parts of the world for treating 

both small and large sewage flows. During the past 20 or SO years m 
the United States, where the ^sewage from large cities requires sec¬ 
ondary treatment, the trend hag been to provide activated-sludge units 
instead of trickling filters. The three largest trick] ing-filter plonts in 
the world are those eerving Baltimore, MtL; Bradford, England; and 
BirminghQin, England, 

The effluent from trickling filters usually contaiiiB from &0 to 100 
parts per million of suspended solids Id order to remove these solids 
the effluent is almost always treated in BedimentotIon tanks, which are 
frequently called humus tanks. They generally have a detention 
period of about 2 or 3 houis and as a rule are provided with mechanical 
equipment for removing the sludge. 

ACnVATEti-SLtrDGE TKEATUim 

The actiTated-slutJge procass, Trhich was inTeiited in Manchester, 
England, consists of bringing sewage into intimate eontnet with air 
and biologically active sludge. As a rule the sewage ie first clarified 
in pieUininary settling tanks and then permitted to (low c»ntinuous! j 
though aeration tanks with a detention period of several hours. 
Activated sludge is added to the sewage entering the aeration tanks 
in amounts varying from about 10 to 30 percent by volume, and air 
is added, to the miitiire. Iirom the aeration tanks tho sewage end 
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sludge, called miaed liquor, flowg to sedimentation tanis. The clari¬ 
fied efflaent from these tanks can be discharged into a ivatercoQrse, 
and the settled solids, called activated sludge, is also rentored. The 
major portion is added to the sewage flowing to the aemtion tanks, 
and tJie rmiainder is treated and disposed of in a variety of ways. 

The activated-sludge process has several advantages. It is free 
from odors and flies, and the necesaary treatment units occupy less 
space and are lea costly to constniot than trickling filters and hmnns 
tank& The disadvantages of the process ere that it is costly to operate, 
and it is frequently adversely affected by industrial wastes in the 
sewage. 

Authorities differ an to how the process ftincdons. The various 
reactmns involved have been stated to be biological, biochemicaL 
physiochemical, base-eichunge and ensymic. There seems to be no 
question that the bacteria and Protozoa, which are present in vast 
numbeiw in the activated sludge, play a major role in the transfotma- 
tion of the nitrogenous and carbonaceous substances in the sewage into 
simpler and more stable compounds, The three tequirements of the 
pre^ are biologically active sludge, an ample supply of air, and an 
intimate mrxing of the sludge and the sewage for a sufficient time. 


METOOltt OF MHATlOTf 

Thrae methods of introducing air into sewage, to which activated 
^ud^ has been added, are used. These are (1) mechanical aeration, 
(B) ibff^d-air aeration, and (3) a combination of these two methods 
Me^anii^ aeration consists of providing mechanical means of intro- 
dumng air from the atmosphere at the surface of the sewage-sludge 
mixture flowing through aeration tanks. Diffused-oir aeration £- 
volves blowing compressed air through nozzles, perforated pipes, or 

porous ditfimers at some distance below the surface of thV^ed 
liquor. 

Meelutnical Many different types of mechanical aeration 

liave been perfected. Only two will he described. One of these,called 
a Simples aerator (text fig. 6), was developed in Bury, England 
This aerator conmsta of a steel cylinder, which is placed in a vertical 
position on the center line of a relatively deep tank, witli the bottom 
a few inches above the tank floor. Attached to tiiB top of the cylinder 
at the surface of the sewage there is a rotating cone with steel vanes, 
driven by an electric motor. As the cone rotates, it draws the mixed 
liquid up the cylinder and throws it out over the surface of thosewa^ 
m a spray. Oxygen is absorbed from the air by the spray and the 
agiteted surface of tile sewage. Simplex aemtors have been provided 
at Prmcsctoa, IlL, and Dunsmuir, Calit 

A second type of aerator (fig. G) embodies the use of a paddle wheel 
about 30 inches in diameter in the form of latticework, which is sup- 
412575—JSr^-39 
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ported by and rotates about a horizontal shafts extend lug along and 
adjacent to one of the walk of an aeration tank at the surface of the 
seivage* A longitudinal vertical baffle, reaching from the mirface of 
the sewage to a point near the bottom of the is provided below 
the paddle wheel and about 18 inches away from the wall supporting 
the aerator. As the paddle wheel rotates, it not only brea^ up the 
surface of the sewage, thus exposing it to the atmosphere, but it also 
Smparta a spiral motion to the flow of sewage in the tank. Sewage is 
drawn upward between the above-mentioned baflle and tank wall from 
the bottom of tlie tank. The sewage then flows horiKontally across 
the surface of the tank in contact with the air^ and after reaching the 
opposite tank wall, the flow is directed downward to the tank bottom. 
Aeration tanks provided with this type of aerator have been installed 
at CollingswfXid, K* and Fort Atkinson, Wis. 

Ihfftt^£d-aiT \ arious types of compressors are used to 

^PP^y aeration tanks. During the early history of the activated- 
sludge process single-stage piston compressors were used* At the 
present time positive-prcssnire blowers or centrifugal compressors are 
generally adopted. The advantage of positive-pressure blowers is that 














































SEWAGE! TREATMENT—KEEFER 


377 



Fusuh-k 6v —-Link-Belt mcchanTcftl A«ratQjrt uffid In acti^-itedr^Tadge Mratbci tinka. 


PLAN 


*;heir capacity can be vari^ by changing their speedy and their capitcity 
remains the same even though the frictional roaistfince to the flow of 
the air may iJlcrea^fe as air ditTusera become clogged. 

Where air is blown through porona diffuser plat^ or tubes with 
narrow air pasaagi's, it ia necesaaiy to clean the air to pi^event the 
clogging of the pktea or tub^ with foreign matter. Variotas methods 
of cleaning the air are available^ snch os pacing it through a multi¬ 
plicity of overlapping oil-coated screen panels, canton flannel, or 
cellulose tissue filters. The inisture of sewagie and activated sludgi; 
ia aerated in long rectangular tankn, a typical cross sectiou of which 
is ahown in text figure 7. Aeration tanW u£?ed in the United States 
are generally designed to have a detention period of 4 to fl hours. In 
many instances they atie several hundred feet long with a working 
depth, wlucli has beconie fairly gtandard in Jaigo instaUations, of 
about 16 feet and widths varying from 20 to BO feet or more. 

Many methods have been ijterfci-ted for introducing air into the 
sewage in fine bubbles, one of which is to blow the air through porous 
tubes or plates. Porous plated, 12 inches square and 1 inch thickj are 
made of crj^stalline alumina or a hjgh-s^iliea stmd. A number of the 
plates ur© set in a row in a horizontal position in shallow cast-iron or 
concrete containers with space provided for the passage of air between 
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Fifiuat 7.—Croci i«lian of AEr^tkm tanki at Wut-SouttLiKit s^wige'-treaciMEii worka^ Cb.icigD, Et 
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the under ddo of the plates and the bottom of each container. These 
containers are placed in one or more rows in the bottom of the aeration 
tanks adjacent and parallel to one of the tank walls. From the diffuser 
oantainei''s air pipes extend from the aeration tanks to air blowers or 
compressors. 

When a tank similar to that shown in figure 7 is in operationi the 
flow of the sewage through the ttink and the upward force of the air 
adjacent to one of the tank walla imparts a spirel motion to tlie utl^i^cd 
liquor. This motion results in now sewage surfaces coming in con¬ 
tact with the air at the tank sarfacej permitting the dissolving of 
additional osygen. For aeration tanks to be effective the mixed liquor 
should contain an appreciable quantity of dissolved oxygen at nil 
times^ Usnally from 2 to 4 parts per million k adequate. The amount 
of suspended solids in the mixed liquor nesultiiig from the addition 
of activated sludge k generaUj kept between 1,000 and ZfiOQ parts per 
million. Maintaining higher percentages of activated aludgc in the 
mhied liquor will result in a greater purification of the sewage hut 
more air will be required. The amount of air used varies as a nik 
from 0.5 to 1.5 cubic feet per gahon of sewage traitinh 

After the mixed liquor discharges from tlie aeration tanka, the acti¬ 
vated sludge must be removed promptly. Conventional ^^dimentation 
tanks, either circular, square, or rectangular, with adequate sludge- 
removal equipment are usually provided. The sludge must be with¬ 
drawn in B fresh condition, as most of it is retpmed to the fierution 
tanks fora continuation of the treatment process. 

The effluent produced by an activated-sludge plant is generally somo- 
what better than that from a trickling-filter plant with the 5-day bio¬ 
chemical oxygen demand and the suspended solids averaging from 10 
to 25 parts per million. The process ha^ been adopted very widely in 
this country and abroad for treating the sewage fmra both large and 
flmall cities;, A few of the notable installations are in New York, 
Chicago, and Los Angeles, 

LAND TREATMENT OF SEWAGE 

Tlie application of sewage to the knd and the use of the land for 
agricuJtuniJ purposes is one of the oldest methods of sewage treatment, 
dating back to the middle of the aixtrenth century. The sewage thus 
serves to fertilize and irrigate the soil* A sewage farm must be pro^ 
vided with the nece^^rj pipoa and ditches, and the land must he 
graded to prevent the accumulation of sewage in stagnant l>ook. Be¬ 
fore applying sewage to the land, it is desirable to remove a consider¬ 
able portion of the suspended oolids, whidi normally tend to dog the 
soil. The dkadviintag^ of the process are that large areas of land 
are needed, odors are liable to be produced, and the proper treatment 
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of the sowB^ is likely to be neglected for the ramng of £vop^ The 
process ia mo^t applicable in arid countries* Although so wage farms 
are used to only a limited estent in tliis cemntry^ they still serve to 
treat the sewage of several large cities ui Europe such as Paris and 
Berlin, 

CHLORINATION 

Chlorine and clilorine compounds have been tL^d since 1854 for the 
treatment of sewage. However, it has been only during die post 50 
years tliat ddorine has been employed ettciisively at sewage-ti'eatment 
plants. Except at very small plants chlorine is purchased in liquid 
• form in steel containers of difFercnt sizjeSj holding from 100 pounds lo 
30 tons. It is then fed as a gm in amounts that can bo regulated manu¬ 
ally or automatically by chlorinators (pi. 3, fig, 1) to any point of 
applicatioiL 

The foUowing are some of the uses of chlorine for treating sewage: 

1. Odor control. 

2. Control of tricitllcig-flltor SlDS. 

3. Cootro! of tTlctltuff-flller ponding. 

#. ttednctlnn of oxjgen Ceiujiaii. 

DMofeettonof sewMEO. 

6L Oontjol of aqoEi dc Ufe. 

oddh control 

Chlorine has been widely used at sewage plants to control odors* 
lUhny of the disagreeable odors are due to hydrogen sulfide. When 
chlorine b added to sewage containing this gas the following reaction 
occurs: 

Chlorine can be applied to the stowage at one or more points in the 
sewerage system, at tlie inlet to or at ffome point in the sewage-treat- 
ment works. It is often preferable and cheaper to apply the chlorine 
at one or more points in the sewerage Bystem where tJie s^s wuga is fresh 
than to apply it at the sewage works where the sewage may be septic 
and may contain hydrogen sulfide. 

COIVTROi;. or TOlCIlLUCC-FtLrER FtJ£9 

Practically all trickling filters aro the liabitat of small flies, called 
Psychoda altemata^ which frc^iuently create a nuisance in the vicinity 
of sewage works. Of tlio many methods adopted to control them the 
application of chlorine to the influent of trickling filters has prov^ 
quite effective, A sufficient quantity is used for several boura at 
weekly or biweekly intervab to reduce the adult fly population. 

CONTROL OF TRICIUJNC.FILTER POWHDTC 

One of the difRcnltiee in operating trickling filters has been tlie clog- 
^g of the filtering material with organic solids. The clogging ia 
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often so pronoimced that it is nopo^ible to get sewage to flow 
through the filter bed. At times it is necessary to remove the filtering 
niatoriul and wash it. As this process is quite e.Ti> 0 nsive, cheaper ways 
of correcting the diffictdty have been devised. One of these is to add 
a small quantity of chlorine to the sewage being applied to the filter 
beet 

acDCciiDK or bidceeuical axTci:^ aniAmi 

Clilorine can be used to reduce the biochemical osTgen demand of 
sewage. Tim reduction is piobably caused by the oxidative action of 
chlorine. Chlorine reacts with nitrogenous bodies to produce chlo¬ 
rine substitution compounds^ some of which are probably useless us 
bacterial food and are therefore less putreacible. Every pound of 
chlorine added to sewage is capable of reducing thebicNZilieniical oxygen 
demand about 2 to 2.5 pounds. iTsIng chlorine to reduce the biochemi¬ 
cal oxygen demand is not a routine procedure, because the expense is 
considemble and other cheaper methods of sewage treatment are 
availableL 

SISUfrECTlOM OF StIWACE 

Where sewage effinents are discharged into watercourses that are 
used for bathing, for the culture of shellfish, or for sources of water 
supply, chlorine is often used to disinfect the effluent. The amount 
required will depend upon the degree of treatment the sewage has re* 
cezved; sewage that has undergone complete treatment will require 
less chlorine than that partially treated. Dosages vary from 2 or 3 
parts per million up to 25 to 30 parts per million^ When sewage 
effluents are disinfected with chlorine, it is essential that the chlorine 
be thoroughly mixed with the sewage and be maintained in contact 
with it about 15 to 30 minutea. If the proper operating procedures are 
followed, chlorine will kill more than 99 percent of tha bacteria. 

CDNTaoiL. or AOLTATtC Lift 

Where sewage effluents are discharged into some watercourses, both 
the organic and inorganic matter serve as a sonree of nutriment for 
aquatic life such as fungi and algae. These growths may become very 
prolific and produce nnisances. Chlorine has been applied in a nmn- 
her of instances to inhibit these biological growths. 

TREATMENT OF SLUDGE 

SLUeC£ DlCnStlCKN 

The sewage sohds, which collect m sedimeutation tanks, contain 90 
percent or more of water and from alx>ut 60 to 80 percent of organic 
matter ou the dry solids basis. Within a few houra after sludge ia 
drawn from sedimentation tanks, it becomes highly odorous. Many 
ways uf treating and disposing of it itre available^ One method fre¬ 
quently adopted is to store it in tajiks, called sludge digesters, where 
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the matcrifll deoomposea and eventually loses its objectionable odot'. 
Furthermore, the digested material ctm be more readily dewatered 
than the mw sludge. The first digesters wero open masonry tanks, in 
which the dutlge was stored for severaJ months before being removed 
for further treatment or disposal. The first two large sludge-digester 
installations were put in service about 1911 in Baltimore, Md., and 
Birmingham, England. 

In the 19- or 16-year period following World War I, a^ a result of 
considemble research, many of the factors affecting sludge digestion 
were determined. These included the effect of temperature, the pH 
value of the sludge, and the percentage of well-digested sludge used 
for seeding purptwes. As a result of this work many improvements 
were incorx>oratcd in the dfisign of digesters. These improvements 
consisded of providing digesters with rigid or floating covers to collect 
the sludge gas and prevent the escape of heat from the sludge, faciii- 
tiea for heating the sludga, itud equipment for mi^dng the tank 
contents. 

Whan sludge is nmintained at a temperature ranging from 85"^ to 
lOO^ F., digestion can be accomplished in about 30 days During the 
past two or three yearB, by following certain procetiures, satisfactory 
digestion in about 10 days has been reported by some investigators. 

SlODCTrCAS fjDLLECTlON AND OTILJZATION 

Wlien sewage sludge digests, it produces considerable volumeE of 
gas. As this ges contains from GO to T5 perceut of methane with a net 
heat value of from 540 to G75 B.t.u. per cubic foot, the usual procedure 
is to collect and utilize ih The quantity of gajj produced, whkh de¬ 
pends upon tlie amount of organic matter in the aludge, averages about 
1 cubic foot per day per capita served by the sewage planL The gas 
is used for many purposes, the chief of which is to maintain a suitable 
temperatait^ in digesters so that the decomposition of the sludge will 
continue at a ntpid rate. The gas is also used for generating power, 
heating buildings, incinerating sewage screeningSj and drying and 
inci Derating sewage sludge. In a few instances the gas is sold to 
municipsi gasworks for general use. 

Several methods of heating digesters have been perfected, one of 
which consists of using the sludge gas to fire boilers and produce 
steam or hot water. The hot water is pumped through pipe coils sus¬ 
pended in the digester. Another method of heating involves the use 
of a gas-fired heater, which contains a scries of pipe coila Sludge 
from the digester is pumped tJirongh these coils back again into the 
digester. 

Sludge gas is estensively used as a fuel in intemal-combiistion 
engines for power production. About IT cubic feet of gas with a heat 
content of 600 B.t^u. per cubic foot will produce one horsepower-hour^ 
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Grfls engines usually operate electric generutors, centrifugal sewage 
pumps and biowets. Gas euginescanbo obtained Uiat use either sludge 
gas or oil as fuel. If there should be insufficient gaa, there need be 
no interruption in operation, since oil cun be used. The advantages 
of using sludge gas as fuel for gas engines is that considerable power 
can be developed and at the siune time the water used to cool the engine 
can be pumped through pipe coils in sludge digesters for heating pur¬ 
poses. Many sewage plants have been provided with gas engines. 
Typical ejcamples are the plants serving Miami, Fla., Toledo, Ohio, 
and Peoria, 111. 

SLVDCE DEWJireaiNC 

As the sludge drawn from digesters contains from 130 to 95 percent 
water, it is desirable to reduce its volume by deci^asiitg its water con¬ 
tent. The two most widely adopted methods of sccompli^ng this is 
by slndge-drying beds or vacuum filters. 

Sludge-drying heds. —These are level beds of porous material, aJttJ- 
ated out-of-doors and consisting usually of sand, superimposed on a 
laver of gravel- Underdrains with open joints are provided under the 
gravel at regular intervals. Sludge beds are generally divided by 
means of wood planfca or thin concrete partitions into compartments 
to facilitate operating procedures. The wet sludge Hows to the beds 
through pipes or open channels, TJje necessary sludge bed area, which 
depends upon climatic contbtiona, amoiints to about one square foot 
per ponson served by the sewage worlcB. Under favorable atmospheric 
conditions well-digested sludge can be dried in almut one or two weeks. 
When its moisture content has been reduced to about TO percent or less, 
the sludge can be removed and another application can be made. 

At many sewage-treatment plants (pi. S, fig. 9) the sludgo-drying 
beds are covered w'ith greenhouses. Tlie advantages of this type of 
construction are that a somewhat amaUcr drying area is needed, tlie 
problem of odors is less acuta, and some sludge can be dried in winter. 

The use of tlrying beds for dewatering sludge has ^veral dis¬ 
advantages. In the first place unplenaunt odors will result if the 
sludge ia not well digested. Moreover it is impossible to dry sludge 
when the weather is very cold. Extra volume, therefore, must be pro¬ 
vided for the storage of the sludge in tanka during the winter. 

Vacuum /iZiew—Vacuum filters {pL 4, Jig. 1) have been used for 
a niimbpiT- of years in this country to dewater both raw and digested 
sludge. The moisture content of wet sludge, which will vary from 
about 90 to 99 pei-cent, can be reduced to approximately $5 to 83 iier- 
cent by filtration. Tlie amount of water removed will depend upon a 
number of factors such as tlie type and characteristics of the slucjge, 
the rotating speed of the filter drum, and the kind and amount of 
coagulant used. 
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Several different designs of vacuum filters have been perfected and 
are in general use. One widely adopted consists of a wooden drum that 
is stipiwrted with its axis in a horiswntal position in a lead-lined gLeel 
tank. Attached to the outer surface of the drum are i\ number of 
narrow woodeJi strips, parallel with and equidistant fi*om each other. 
These strips, which divide the periphery of the drum into a number of 
ahnllow compartments, aiipport a coarse-meah ^reen, around which a 
filter cloth made of wool, canton flannel, or Esome synthetic malerial is 
wrapped, Yacuum pipes on the inside of the filter drum connect each 
of the comportments with an antomatic valve at one or both ends of 
the filter. TJiis valve connects with piping that supplies a vacuum to 
tho filter clotlu Sludgo enters the filter tank through a aludge supply 
pipe; and as the filter drum rotates about its asis, a layer of wet sludge 
about one-half inch thick adheres to the filter cloth. Tlie differential 
in air piessure between the surface of the sludge coke and the under 
side of tlie clotlL forces the water out of tlie kludge and through tlie 
vacuum pipea away from the filter. By the time sludge cake reaches 
the disci large side of the filter, its moisture has been greatly reduced- 

One essential step in preparing the sludge for filtration is to coagu¬ 
late it with a suitable chainjcal duch as alum, ferric sulfate, chlcrinated 
coppenis, ferric cliloride, or ferric chloride and limOp Of these, ferric 
chloride is tlie mo&t effective^ Another step in the preparation of 
sludge for filtration, especially if the material has been digested, is 
to remove a considerable percentage of the bicarbonates, ivhich are 
formed aa the sludge digests. Since they combine chemieully with any 
coagulant used, it h desirable to reduce their concentration so that less 
coagulant be required. The concentration of bicarbonates is reduced 
by mixing the sludge with a large volume of water or sewage efRuent 
and allowing the sludge to EettJc out friim the liquid. The bicar- 
bonate^ diffuse into the water and are removed. 

Sludge filtration ia uaed in many cities in tlie Dnlted Stata^ TTirea 
of the moet notable installations are in Chicago, Milwaukee, and Los 
Angeloa 

SLUDCE DISPOSAL 

The satisfactory disposal of sewage sludge is often a vexing problem 
that confronts the opera tora of sewage treatment plants- lu most in¬ 
stances $owage, after it has ret^eived partial or complete ti-eatment, is 
discharged into a watercourse, which quickly removes it from its 
source; it frequently hapjwna, however, that sewage sludge remains 
to plague the operator. The following are the more common methods 
of filudge disposal t 

1. Disposal in water* 

2. Disposal on land. 

3. Heat drying* 

4 Incmeratiom 
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DISPOSAL IK WATER 

Wtere sBwage-trefttin&nt plants ara Bitimtad near sufficiently large 
bodies of water that can dilute and carrj' away the sludga witiioDt 
creating imsanitory conditions^ this method of disposal has been 
adopted with corisiderable success. The sludge Sa pnmped into spe¬ 
cially designed steamers that transpeut and dump it at some remote 
spot, Slndge hafl been disposed of in this way for many year^ at 
Elizabeth, N, J., and Now York, N. Y.^ in this country, and in London, 
Manchester, and Glasgow in Great Britain. 

DISPOSAL ON LANB 

The most genemllj adopted method of sludge disposal is to apply it 
to the land, either wet or dry, raw or digested. Tlie metliods of land 
application include lagooning, trenching, flowing on land, depemting 
in dumps, and distributing for fertillsibig purposes. 

Lagoons consist of natural or artificial depressions in tlie ground 
enclosed by earth dykes. Wet sludge in a semidigested or digested 
condition is pumped into the lagoons. Tlie disadvantages associated 
with lagoons is that tlicy occupy large areas of ground, they arc fre¬ 
quently cMiorous, and they are usually a temporary esi)edient. 

Another method of disposal is to pump the wet alndgu into trenches, 
which are then covered with earth- After the sludge has docompoficd 
and the water has dnvined away, it is often ptj^ible to reuse Uie satne 
land- 

At a few plants wet digested sludga is pumped through pipes and 
channels and allowed to flow over the ground. The sludge serves 
to irrigate and fertilize the soili Any crops that are grown should 
be such that they will not 1 >b contammated by die sludge. 

At many sewage plants such as those serving Baltimore, Md., and 
Washington, D, sludge that has bCT;n dew'atered on sludge-drying 
beds or by vacuum filters is deposited in dumps- Sludge dumps are 
unsightly and frequendv prgtluce odors; therefore, they are not looked 
ujwn w ith favor by sanitary engineers. 

Sludge that has been dewatered on sludge-drying beds or by vacuum 
filters is widely used by gardners and fimuerg as a soil conditioner. 
Thfi water content of the material, which may vary from about 50 to 
T5 porcont, is such ttmt it can be readily applied to and meorporated 
in the sod. The chief advantages of sludge are that it has oscellcnt 
moisture-retaining characteristics and contmns a considerable per¬ 
centage of humus. The nitrogen and phosphates in sludge are low* 
Primary tank sludge contiiitis about 1 to y i^ercent of iiitrog>m on the 
dry basis, and activatol and humus-tank sludge contains 4 to 6 per¬ 
cent. The phosphates in sludge vary fi-om approximately ^ to 3 per¬ 
cent. At mEiny sewage plants u small charge is made for air-dried 
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sludge or vacuum-filter cake. In otker localities where the demaiid is 
not great, the jiiaterial is given away. 

EEAT U3LYJHQ SLUPOfi 

'When sludge is heat dried^ its moisture content is reduced bo 10 
percent or less. In this condition the material is more easily handled^ 
it can be used as a base for fertilizer, and transportation costa are 
reduced. 

Two mrthoda of heat drying, which have |jccn most generally 
adopted in this country, involve tlie use of rotary heat driers and finsh 
driers. A rotaiy' heat drier (pL 4, fig. 2) consists of a steel drum with 
its longituditiul a.^ii3, about which it slowly rotates, set in ii horizontal 
jKsition. At the isnd of the drum where the wet sludge cake is added 
a coah gas- or oiUtbed furimce is provided. As tlie drum rotates, the 
wet sludge cake is lifted on the inside of the drum to such an eleva¬ 
tion that the kludge falls through the hot gases back to tlic bottom 
of the driim. By the Lime the sludge readieg the discharge end of 
the drum, its moisture content has been reduced to 10 percent or lessL 
The outstanding rotary drier instailaliQU is in Milwaukee, Wis* 
KoLary driers have also been used at Houston, Tex., Grand Hap ids, 
Midu, and Baltimore, Mi 

The flush drying system (text fig, B) h the second method of heat 
drying sludge tiiat has bc^ extensively adopted. Heat, whidi is 
generated, in an oil- gas- or coal-fired fumace, is supplied to ii cage 
mill or Hash drier. Wet sludge, to which a known quantity of pre¬ 
viously dried sludge is added, is itilroduced continuously into the drier 
and is intimately mixed with the liot gases by means of a rotating 
cage in the drier. Tha mixture of sludge and hot gases flow vertically 
upward tlirough a duct into a cydohe separator, in which the sludge 
k separated from the gas stream^ Flash driers have been installed in 
Chicago, 11L, Los Angeles, Calif-, imd Houston, Tex. 

SLUDflE INCrNEOAnOH 

One method of sludge disposal fjjat is being mors TPidely adopted 
ia burning it. The two types of incinemtorg most generally used are 
muliipIe^Lejirth furnaces and furnaces used in conjunction with flash 
driers. A inultiple-Lciirth ftimnce {see pi. 6) is cylindiical in shape 
with a number of horizontal hearths, spaced equidistantly j^part. Pass¬ 
ing Fertically up through the center of tlie fiirnace is a motor-operated 
simft, attached to which are a series of mbble arms, suspended several 
inches above each heartli. Wet, sludge is introduced on the top bewth, 
and as the rabble arms rotate they push tlio sludgn from one hearth to 
the Host lower one. Several oil- or gas-fired burners, attached to the 
^do of die furnace, provide the necessary heat to initiate incineration. 
The bottom heardi is furnished with an outlet, for the discliarge of the 
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Ficuke B,— Flash dryiRB and tnoniratbon system, Qnnhuitioii Enpuoeriiij. lac. 


of tUis type provided at Detroit, Clftveland, and 

aiLiiiiie)S£juijix-3t* Panlr 

Tlio second type of incmemtof combines finalx-dJTing equipment 
with facilities for conveying the dried product to the drying furnnee, 
where the material 19 incinerated- This type of incinerator is used 
at Buffalo, N, Y., Washington, D. C. and Ifccnah-Menasha, Wig. 


COMBINATIONS OF SEWAGE-TREATMENT PROCESSES 


The foregoing sewage-treatment processes can be grouped in a num¬ 
ber of ways. The processes that are selected depend upon several 
factors. If the ratio of the volume of diluting water to tlie volume 
of sewage is great, it may be that tiie removal of only the course sus¬ 
pended materials is necessary. Should such bo the case, fine screens 
may suffice. Fine screens have been in service for many years at the 
Canal Street plant and the Dyckman Street plant in New Yodc City. 

TVhere a somewhat higher degree of treatment is required, sedimen¬ 
tation t-Anko. are generally provided. They are preceded by coarse 
nlqit by grit chambers if Uie sewage is from a combined 


system of sewers. Tlie use of sedimentation tanks requires fucilities 
to treat and djsp<Ke of the sludge tliat is produced. Plants of this 
type servo Buffalo, N. Y., Detroit, SCch., und Washington, D. C. 
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A still higher degree of treatment can be attained by adding diemi- 
cala to the sewage for coagnlation purposes. If more complete treat¬ 
ment is necessary^ trickling filters followed by humns tanka or the 
activated-sludge process may ba required. If the sewage flow is smnU 
and sufficient land is available, intermittent sand Alters may be used. 
Chlorine can be used in conjunction with any of the foregoing methods 
of treatment to reduce odors or to dkinfect the effluent. 

COST OF SEWAGE TREATMENT 

Tlie cost of sewage-treatment plants depends upon a number of 
factors, some of which include the cost of the plant site, the presence 
of foundation problems, the t}^^ of ti*eatnient adopted, and tlie 
volume and character of the sewage. Plants that provide partial 
treatment and contain screening equipment, grit chambers, sedimen¬ 
tation tanks, sludge digesters* and sludge-drying exiuipment will in 
general cost from $10 to $30 {wr capita served, and plants that contain, 
in addition to tho foregoing facilities, provision for oxidising the 
sewage either by trickling filters or by the activated-sludge process will 
cost from $15 to $50 per capita served. The yearly operating and 
inaintejianoe costs per capita will usually vary from approximately 
95 cent^ to $9.00 for plants in the former group and from 50 cents to 
$4.00 for plants in the latter group. These costs do not include fixed 
charges. 

WHAT OF THE FUTURE? 

Tlie gi'owtli of the urban population in tliis country is Biich that the 
need to build and enlarge eowage-treatment facilities and sewerage 
systems will continue perhaps indefinitely. Coupled with this need 
ia the increaBing demand by tlie public for clean streams and water- 
coureea. It is estimated (McCallum, 1955) that $5,330,000,000 will 
he required within the next 10 years to keep up with this demand. 

If tile future advance in ^wage-ti'eatnient continues as in tlie post, 
a greater usws of mctshanical equipment seems likely. There are poesi- 
bilities that the efficiency of the activated-Hludge proce^ can be ma¬ 
terially increased, that the time required to digest sewage sludge can 
be reduced, that the efficiency of sludge filtradnn can be improved, 
and tliat better ways of heat drying sludge will be developed. It is 
moBt important that adequate funds and i>ersoniieI be made available 
so that research relating to sewage treatment can be continned on a 
university, city, State, and national level. Much of the future ad¬ 
vance in sewage ti^tment will depend on the empliasis placed on 
research. 

SUMMARY 

Sewage-treatment processes have been perfected to such an extent 
that most any degree of treatment can be obtained with a minimum 
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of objectionabla features and at a reasonable cost Mogt modern 
plants are mechamsed so tliat a mueb smaller personnel is required, 
and what were formerly disagreeable working conditions have been 
largely eliminated. An inermse in the use of such Hewage-treatment 
pbmt byproducts as sludge gas, dried sludge, and plant effluents will 
most likely continue* Tbe art of sewage treatment baa reached sudi 
a degree of perfection that tbere should be no escuse for the failure 
to maintain a sewage-treatment plant other than in a first-cla^ con¬ 
dition. The gross pollution of watercourses with untreated sewage 
should be regarded with disfavor both by the taxpayer and by city 
and State officials, ^ce adequate meaiLq are available for maintaiDing 
them in a satisfactory condition* 
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Pioneer Settlement in Eastern Colombia 


By Ratmond £. Caisr Ajn> EiirrESTO Githl* 


flV'ltl] i plKtFS] 


INTRODUCTION 

One of the last grreat frontiei^ in the world is the Tast. tropical rain 
forest found on both sides of the Equator in Africa and South Ametira- 
Extensive desert areas have been made fruitful as technical develop' 
ments brought them life-giving water* The cold lands of Canada and 
Eurasia have experienced great development during the past half 
century as man became better and better equipped to cope with the 
cold. To be sure, millions of people^ engaged in agriculture and bou^ 
hold craftsj do live in tropical lowland areas, such as the islands in the 
Caribbean and the Pacific, as well as on the mainland of monsoon 
Asia. But hundreds of millions of acres in tha wet lowland tropica 
of Africa and South America are sEiU covered by a rank growth of 
dense forest, and other millions of acres are grasslands or savannas. 
These vast tracts have remained an almost 100-percent physical en¬ 
vironment, on which man has seemed barely able to make a dent, in 
contrast to the continental expanses of Eurasia and northern North 
America, which are about lOO-percent cultural landscape. But these 

* Tbt Henlor aotUor la nf geography* UnlversSty of Florida at Gaines^ 

vUJe. HIb Gald and library wort for tbta artida was wade rwaelbla by a graot 
at tbe John Simon Go^geiibeira Momorlal FDondatlaD. Obseryattona along tbe 
Paato-Moeofi route and a recaoTialaaaacg trip from Naira to FlDPcnabi were made 
In 1949 wlUIe be was atatlancd Id PopflyAa, OoloaiblaH aa enUnmi gaogmpber of 
the ItistliiUa of Social Antbropology of tbo SmlUiBoiilnii Icustitutloti, In cimrge 
of Itfl Colomljlap program of coSlaboraUoa with the tnstltnlo EtnolSglco of the 
Unjvaratdad dal Caaeft, The wholebearted cooperatfoo of the iauior anthart in 
the field. In Ubrary re^searrli^ and In the orgnnlaatlmi of nmterinl W lierehy grate^ 
fnllj neknowlcUgeil. 

The Jimlor author, one-time professor of geography in the Escueln Normal 
Bnperiar, later terhalcal mllaboTator In the InEtltuto CelomblaDo da Antro- 
po1i>gfap and at present director of the ConUaWn de PUmeamlanto de la Segurhlad 
ikhclBl (JampeslnA, Ministry of Libor of Oolombfap ackcowledi:eB tiia Indebted- 
neaa to Umsa ergnnlsatloas in helping to mahe possible hin contribatlon to tUis 
article ns well aa to the geoirrapblc literature of hUs adopted coontry. 
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trackless forests arc gradually being penetrated and settled^ along 
their borders as well as along the great rivers that drain them. In 
what might be called the “Wild East” of the Hepnblie of Colombia^ 
there is a broad transition aione where low-lyln^, grass-covered plains, 
the llanos, and the great rain forests of the upper Ama^nn and itfl 
tributaries seem to break on the foothills of the lowering Andes like 
billows on a rock-bound coast*, Tbi& is ii sc<dor of the vast area men¬ 
tioned in “Piirtners in Progressi,” the report to the President by the 
International Developmont Advisory Board (March, Li>51) : 

In Scuta Americat east of the Andcia, tues a 2,00O'iiill&-long Rtretcb of fertile 
rollerB aud plnteaii Injid wldeh maj lead itself to derelopment. If eoirled tbreai^b 
HiirmiKftilljf, tt would ot^n iuj a new mftjor antm^ of food for the entire OoailaeDt, 
RB w«l] H5 a home for sottEeri from the most deaselv popolatod areas of W'ontern 
EiLTope. (F. as.) 

Tliis sector of Colombia has been of interest to geographers for 
m any years, Perez wrote almost a century ago: ^ 

Whftt was there in the Enropc bojoad the Elitac In Caesarea tlmel A vast 
forest nnknown ta the Eomamt^ hni from whleh later iBsneil a horde of harharlanis 
•who Isvaded and deBtrc^yed the eternal empire. Tpday In thla Biitiie fot^l, now 
covered with rich and populoTiB cities, Hn^ and emperors who En^vem a tHipilla- 
tloa of iM^OOOpOOO people, dlspla j their power. 

It is rertoli] that with la nue or two izeutdries OoloEnlda wiU have a very larso 
aoptitnUon, ^leaawhile tJie pn’owin^ popDlntfon of Paato, Fop,'3TAa, and Nelva 
win push aeroBB the CordiUera Oriental ; ft win fell the forestfl, open roada, 
fonnd irnvfw, and ^duaUy penetrate the vast plains of the fnamense Amazon 
Baolo. 

Tha scarcity of agricultural land lu tho mountain sectors of 
Colombia—indeed of Andean South America—has grow^n ewr more 
acute, especially during th& twentieth contuty. In those areas 
blnnkctM by vulcanic nsb, soil® were rich and deep, the iubabitants 
were industrious, frugal, and prolific^ and the ownership of land was 
the gurnmum bonuin* Land was rarely bought or sold; it was divided 
equally miipng the numerous heirs each ge-nerutioii, with the rei^lt that 
plots became so small as to be uneccmorntcal to work and not produotivfl 
enough to support thn owner and his family. Thus land hunger in 
the mountainoug sectors became acute. 

In other parts of Colombia, both in hot country and in cold country, 
much land formerly intensively cultivated has teen incor|>orated into 
large cstatog devoted to cattle grazi ng.’^ At the same t Lme the in tensive 
agriculturalists have had to move ever higher into the mountains onto 

■ Feresf. Fetllie, Jeo^afla Hisicn I peUtica de Iob EatadoB Unldoa dc CulomWa, 
Bogota, itioaL 

■ CrlBt, TL El, Thv Cntlca Valley, Colombia, lojid tenuis atid land aae, IW pp., 
EaltLiocre, IWKi j The perflcmuJltj of Poparfifl, Rural aoctaloKr, voL IS, trp. 134-13G, 
Jane IBuO; Ftsed pbyBlcal honndarleB iind dvaanUc cultnra[ frniiHi^rE; A cetj- 
troat AmeT. JounL Eutm, nnr] Soclol^ vah 12, No, a, pp. 221-23U, April 10^ 
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the steeper, less fertile sectors, until even the iioor areas were teken 
up. Then these people, face to face with hunger, were forced to 
migrate or perish. The great, estates absorbed very few of these 
docile, submissive workers, and even those lew at ridiculously low 
wages. Many of those uprooted workers sought employment in the 
mines or on the highways under construction in various parts of the 
country; still others wore willing to venture into the vir^n Muntry 
to the east and south of the great wall of the Cordillera; it is with 
these latter that this jmper will in large part be concerned. 

Over a period of many years field investigations have been carried 
out in the transition zone between the Andes and the lowlan^ to 
the south and east, in Venezuela, in Colombio, and in Bolivia. Some 
of the resulta of these studies have been publisbwl in various Journals,* 
It is proposed in this paper to make a preliminary survey of actual 
Settlement in the Republic of Colombia of the eastern slopes of tlie 
CordiUern Oriental and the adjacent plains, or llanos. 

Although there are many passes across the Cordillera Oriental, 
the observations on which this paper k lased were made largely 
along those highways Uiat are the most significant, actually or po¬ 
tentially, in giving access to the sectors of lowland eastern Colombia 
tributary to tbe Orinoco and to the Amaston. Field studies were also 
made along the mountain front itself, os well as on the great plains, 
or llanos. The sectors served largely by the highways listed below 
will be dkcussed: 

Bogota-Yillavioencio, 

N ei va-Florencia, 

Sogamoao—^Agua Azul. 

Pnmplomu—^Rio Frio, 

Pasto-Mocoa, 

THE BOCOTA-VlIiAVICENaO HIGHWAY 

CLEaCAtE 

Most readers are more vividly aware of climatic conditions if they 
know some details about day-to-day temperatures, rainfall, humidity, 
and winds than if they see “fossilized” weather on a climatic map. 
Hence some introductory remarks are in order on the elements of 
weather and climate of Vaiavicencio* a typical “gateway-to-thc-llanos” 
town. 

IL It, Alcing the LIanO®-Andca tmfder lu Zamora, Vene*aH]n, Geosr. 
Her.. July ttlQ2, pp. 411-A22; A cnltttnll traverw n4!r(i«« <iastera and central 
coolllleraa of Colfpinlila, Bull. Pan American Union. March 1042, lip. 132-144: 
BoUrla—load of contraata, Amor. Joiim. Econi. ami SocloL, voL C, No. 8, pp. 
207-3231. 1043; Alcflff the Lin no 5 j-Andes border In Veneaoela—then and now, 
a«H)gr. Bev., April IDOA, pp. 18T-208. 
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Tlie rainfiLll at Villavicencio, 500 meters above sea level, is high, 
with an average for the 6-year period {IMI through 1040) of 4,CTO 
milliiDeters (1S4 inches). It is fairly well distributed throughout 
the year, with more than 400 millimeters a month from April through 
November* Tlie evaporation rate 13 high and the runoff rapid, and 
one does not feel any marked oppressive humidity, Temperatmies 
at night are about 70'^ F. and the maxirnmn day temperatures fluctu¬ 
ate Iwtween 80"" and 93F.“ Thus cool evenings and nights follow 
liot days in pleasant succession, and the annoyances that are thought 
of by so many people as being synonymous with a tropical climate 
are minirnah 

Precipitation nt Puena Vista, 1*200 meters above sea level but only 
G kilometers from Yillavicencio, is 6,401} miMimetei'S, or fust twice 
that received at Puerto InOpcis, To kilometers east of ViUaviceLUcio, 
which is the bead of navigation on tlio Meta River. 

From tlio VeTiestuelun frontier southward and westward to tiie 
Macarena ilossif (somo 50 miles soutliwestof Villavicenclo), stretches 
of savanna alternate with densely forested arcas^ From Uie Maeareria 
mountains to the border with Ecuador, the entire area is forested. 
This steep-sided block-fault mountain seems to lie in a icone with a 
climate transitional between that of the Orinoco area, where the wet 
and dry seasons are marked, and the Amazon region in which abun¬ 
dant precipitation falls throughout the year * * further, although itself 
uninhabitetl and located in a sector where there are at present no 
permanent settlements, impressive petmglyphs are to bn seen that 
have been carved in hard quartzite.^ 

sans 

The extremely sandy, permeable soils of mmiy of the foothills and 
of tlie alluvial fans laid down by intermittent streams have been used 
largely as open range for what too often is rangy Bcmb cattla. Pros¬ 
pects for crop production oii such soils are poor. However, low 
yields of dry rice could probably be obtained. In general it would 
probably be best left a3 rangeland on which improved pasture could 
bo introduced- It might be mentioned, however, that many of our 
concepts of geography, acquired in middle latitudes, may be subject 
to revision Marked and rewarding changes might perhaps be inau- 
jpn^led in the cropping practices of these soils if the annual savanna 
lilies are prevented^ if the hard crust is broken up by deep plowing, 

* Bates, Mnratqti, Climate find lepetatlcin in th& Vlilnviqenclo region □( eaBtern 
ColomblcL, Gwgv. Rev.p Octolier p. 370 , 

* EhUlpBon, W. B.; Doncaster, C, C,: and Idrobo, J. J,. An ewirfiaon to the 
Blerm tU la Macarena, Colombia, Ceogr. Joum.. toI UT, pL 2, p. ifll, Jane 1951. 

* GanBHer, AugtiRt, AlUndlanUcbe Felastetchnnagen aim den kolumbtaiibii''Uoii 

Llaaoe; pp. 85-63^ 
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and if animal fertilizer, phospliates, niU*fites, lime, and trace elements 
are used wherever necessary. 

Usually ]uat beyond the front ninges or foothills there is a zone 
of predominantly light-textured alluvial soils, with occasional belte 
or strips of heavy-textured soils, and the vegetation grtides from low 
rain for^t to bunch grass iiiteTspBrsed with scattered brush and small 
trees* Tliese soils are generally of dark color to a depth of a foot or 
more, and the water table seldom falls to more tban 3 feet below the 
surface even in the dry season; they are cleared and prepared for cul¬ 
tivation with relative ease. With good crop adaptation and manage¬ 
ment these moderately fertile soils would lie very productive^ At 
present, yuca, corn, and plantains are generally very successful on the 
better types of this soil. Much of the rice cultivation around Villavi* 
c^ncio is on the deep soils of this type, and any substantial expansion 
of rice production will probably be brought about through mechani* 
zation, and the introduction of chemical fertiLzer on this same type. 
Peanuts would probably do very well on the better drained soils of 
this type. Those phases of this soil type that ar& light in texture and 
poorly drained have been largely used for pasture on a rather empirical 
basis. If attention were paid to improving both pastures and live- 
stock, production por unit area would surely be greatly increased. 
Sugarcane is grown, mamly for local use* Yields are fair and replant¬ 
ing is usually done after three or four years of ratooning. The tii^e of 
a eoil-building crop, adjusted to this climate, in a crop rotation would 
certainly increase productivity of many of the crops now being groAvn 
on these soils* Between VillaTicencio and Puerto Ijo|>ez the extensive 
treeless sectors of claypan soils, underlain by an irapenneable layer, 
would seem to be ideal for the large-scale production of paddy rice if 
abundant chemical fertilizer were used. 

The deep, well-drained, medium-textured, fertile, alluvial ^ih in 
heavy min forest are well adapted to the production of plantains, 
com, yuca, cegetables, citrus fruits, and improved pasture for cattle. 
Tliesa soik of sandy loam have a pH content of €.0 to 7*0 to a depth 
of 3 feet or 3 o. At pi'escnt, one of the limiting factors in developing 
this kind of land for large-scale commercial agriculture would be the 
e.tiiense involved in clearing. However, the labor and time of the 
pioneer with a machete are his own^ so he does not count the cost. 
With rea^nably good soil miiiuigeriiQnt this kind of land is extremely 
favorable for estivated crops for a period of years; oven without the 
use of fertilizers it will not detia-iorate rapidly* 

The soft siiales and limegtones in the vicinity of Caqueza, on the 
Bogoti-Villavictncio highway, uiake eiu excellent soil, on which live 
in dispersed aettkiuents a dense population. This area was originally 
peopled by settlers from mountain slopes higher up and still I'eceivea 
recruits from tliere in spite of the fact tliAt tliis sector in turn, owing 
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to population prossurOj supplies recruits for tto settling of the pied¬ 
mont forest and of the llanos at lower elevations. In somewhat the 
same manner Yankees migrated fmm New England at the same time 
that French Canadians mJgrated to New England, for Iknng condi¬ 
tions that seemed grim to Yankees f^emed rosy to French Canadians 
Once the motor highway was oonstrnctefl across the mountains^ from 
Bogotfi to VilUviceucioj that “gateway-to-the-llanos” town began to 
flourish. The piedmont forest was soon cut away and land-hungry 
settlers entered the great plains themselves. 

For centuries the vast grassy plains^ or llanos* of Colombia, like 
those of Venezuela, have bwn ideal for the extensive grazing of cattle* 
However, with the construction of the VillavioendQ-Bogofa motor 
road, intensification of agricnlture is possible over large areas, rice is 
being grown as a casli crop, and land values are increasing. Rice pro¬ 
duction for the loejil niai'ket began about 40 years ago, during World 
War I, when there was an influx of immigrants, mainly from Csiqnoafi 
and Quetame, whei’e population pre^ure had huilt up. During the 
twenties, there was vigorous trade between Villavicencio, CAqueza, and 
Bogota, in spite of the appalling state of the mule traiL The higbwiay 
between thtjsc- towns—tlie result rather than the cause of settlement—^ 
was, completed between the years 1932 and 1936 and was later ex¬ 
tended to Puerto Lopez on the Meta River, With its completion, there 
wag 4 second wave of immigration, and rice became an increasingly 
important crop when it could be sent by truck to Hie Bogota market 
ot a handsome profit. The immigrants spread over the area of fine- 
texturKl alluvial sotLa between the Guatiquia and Guaynriba Rivers* 
Here they could grow dry rice (secano), mostly on plots of from 5 to 
10 acres in size. A few farmers cultivato from 100 to 250 acres. The 
crop is harvested and sacked by bund, and then transported by pack 
mule to one of the rice mills in Vilkvicencio (pi 1, fig. 1). Farmers' 
lots vaiy in size from 1 or 2 mulcloads to as much as 150. In the mill 
the crop is dried, thre.shed, huUed, and sacked. Then it is piled neatly 
on a platform where it is tested by buyers, loaded on trucks, a 2 :fcd 
shipped to Bogoti. 

A third wave of immigrants has been arriving in the Villavicencio 
area since tho political disturbances between 1050 and 1953, Most of 
these recent comers are fiom Tolima and Caldas* It is iutleed fortu¬ 
nate that this third wave of muni grants, and the second wave to some 
extent, is able to enjoy the advantages of certoin nmdein public health 
measures- A vigorous health campaign has all but wiped out malaria, 
once the scourge of this fertile area* To appreciate the significance 
of this change one has but to read the accounts of travelers a generation 
or two ago: * 

* n (l'c^ nfluiU Uje* Pn rttacr esfiluratlous In, tbe aQithweztt A mu^oD BaFiln, Geosr- 
JuunL, voL 44, No. 2, Aof^uitt 1014. 
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yLLlATlceiu:lCp in no place for persona of nerffcua temperament* Dor are tJae pedpk 
whom one beglna to ln«t a day befum Uie town la reached [o¥er the tmU from 
Bogota] pleaeant to look ai* with Uictr Jemon-tlntedp emaciated faoefl and 

batida of horribly lethal thinner- (P-140.) 

Trayeling in this s&ctoT is oTen today not without iU hazards. Even 

the main road to the southwest, betiram Villavioancio and San Martiti, 
ia graveled only part way. The forest has been cut away and oom, 
yuca, plantains, and rice ate grown for the Bogota market. The 
bridge for heavy traJIic across the Ilunmdea £i ver Ims been under con¬ 
struction for years. Motor cars or empty trucks can cross the narrow, 
qhnby auspension bridge, but loaded trucks must be unloaded and their 
cargoes carried across, £ach liandling, of oourse, increases the price 
the ronsu Toer must pay for his foodstuff (pi. 2, Jig. i). While waiting 
for the station wagon to cross the bridge we visited with a family, 
originally front Tolima, w*ho had settled in good faith on what they 
understood was state-owned land (terrenos baldios), on which they 
hud built a clapboard-roofed house and cleai^ plots for their cash 
crops (pi, I, fig. 2). 

They are now engaged in a dispute with a person from San Martin 
who daims that the laud legally belongs to him, and who lias a paper 
(esciitura) to substantiate his claims. Of course, he had never done 
anything htnwdf that would give the land value; he merely shows up 
to take advantage of the fruits of the labors of others. The w'oman of 
the house is the mother of 10 children, three of whom me grown and 
work their own plots of land in this sector. All her children are liv¬ 
ing. The public health factor is extremely important Whereas a 
genotation or so ago half or more of the clnldren would die in infancy, 
now a much higher percentage lives to maturity. And the child bear¬ 
ing days of this particular woman are probably not over—as the local 
idiom has it, she still has *'la casa ardiendo’—roughly equivalent to 
‘'still going strong.” 

Many of the mountaineers who came into this area to work as 
laborers when the highway was under construction cleared land and 
settled on it after the work was completed. Many of them are now 
planting coffee and cacao, which will make them a tidy income later. 
They grow rice, corn, and yuca as subsistence crops; any surplus finds 
a ready market. 

San Martin was founded by the Jesuits as a mission in the seven¬ 
teenth centuiy, yet 40 years ago it consisted only of '‘rambling houses 
and a half-completed church built arouud an enoimoua plaza,” ■ But 
there is good reason why the village did not prosper. Iti 1912 Hamil¬ 
ton Rice, a medical doctor, found the tertian form of tlie malarial 
parasite, sometimes in ccnjimction with the subtertian, in ail the 2S0 


•Etce^ loc.c!lL,p.l42. 
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cases of adults and childron whose bl<^)d bo examinecL His picture of 
the tiny struggling villitge is indeed pessmiistic' 

San Martin, wltb its limiimerablo pntldles, ditcbeSi and fpiil iiouBe ranJs la a 
prolific? breeding greond [of tbe malarial mEViaqultD], and, owinj^ also to tbe 
thore of an eapeelalty viriil-gnt form of malarlii lYhleh tlie rnbhcr-cal- 
lectors and uuleteerE brbg In frotn tlie adjaltdjig swamp di^rSct^ the. t«wfl iias 
a natorlciiiBlr and deservedi^ b&d repntation^ TUe town carpenter* wlioae mofjt 
lneratLYO bnslncsB is the muking of cofbns, and who thus serrcs as the only aYaU- 
aJ>le bureau af vital statLstlea, asauxed mo he made from two to three a but 
added, wlih a grLiu ^ne^ that many have no peau3 with which to pay and are 
burled without b03:eSr (dt*T tt 14^1 

San Marlin lias esperienoed rapid gnowtli during tbe past genera* 
tion. It would not be lecognized by thoi^ who snw it 30 years ago. 
The best-selling item in the large dmgstort is face cream, closely 
followed in importance by nail polish and lipstick! Safety-razor 
blades arc sold at the rate of slightly otef 3,000 a mouth, Many 
migrants pass through here on their way south and west, to areas 
as yet unsettled, particularly around Boca de Monte, 3 miles south 
of San Martin (pi. 2, fig. 2). This village, only a few years ago a 
cluster of palm thatch huts literally at the edge of the forest, as the 
name implies, is now n thriving center, owing largely tc the arrival of 
some 300 people from Armenia (Caldas). These settlers told of the 
grim struggle for existence in their fqruitr locale, where land is scarce 
and hopeie^y subdivided into plots so smaU as to be uneconomical, 
and where wages are pitifully low; they have brought with them their 
seasoned habits of frugality and hard work, and Lave carved farm¬ 
steads out of tlie public lands on which com, yuca, and plaintiiiins are 
grown for home use, and rice for the market (pL 3, fig. 1). As tlie 
edge of the forest recedes the name Boca de ifonte will have a signiS- 
cance more historical than aclual (pi. 6, fig. 1). 

The Ariari Elver southwest of Villaviceticio is the boundary lino 
between conservatives and liberals, who have u fierce and deadly hatred 
of eadi other. To quote a normally mild-mannered bus companion: 
“It is necessary to kill a lot of people, but those who gkotdd be killed 
are the ones who are ordering piwple killed.’' The conservatives on 
the left bank have the road, but the liberals on tbs other aide have the 
good land, These enemies are trying to cooperate enougii to put up 
across the river a cable, which can be used by both factions. Perhaps 
if the federEil governuient built a road and a bridge the political 
hatred, reminiscent of the religious intolerance and intcrvillagc feuds 
of the Near East, would die down somewhat. The serious workers do 
Want peace and work, rather than fighting and revolutionary activity. 
Everyone was happy tlmt the coup d’etat (June 1953) of President 
Eo]as Pinilla put an end temporarily to fratricidal strife and opened 
the way for [woductive effort again. Soma there were who had ac- 
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qnired the hahit of stealing rather Uian working, during the years of 
ciTil strife, but fortunately they were rapidly returning to the good 
old-fashioned custom of hard work, 

the HEIVA-FLOaEKClA HICItWAY 

During tlio war with Peru in 1930, when the most deadly enemy 
proved to be the diseases so often associated with the Tropics, Co- 
lombvftn Amastouia assumed gt^eat importance for tbo nation* Tho 
national government hastily planned roads into a vast tropical area 
tliat had been so long neglected m to create serious differences of 
opinion as to just where the intern ational boundary lino s^uld be 
drawn. The rood oa originally ploniied was to run from Neiva to La 
Tagua on tile Caquetfi Eivor, via Floreneia and Tres Esq^as, the 
latter town, at the junction of the Caquoti and Orteguaza Rivers. 

FLXFKEHCI4 

In the last decade of the past century, gatherers of wild rubber and 
quinine made clearings along the Orteguaza and Hacha Rivers on 
which they planted ynca, com, and plantains. Shortly after this a 
clearing w’os made for the planting of cane, and a still wos set up for 
diatilling raw rum. The settlement was called La Perdiz, but the 
name wag soon changed to Floreneia. Then depression struck the 
wild-rubber and quinine industry and Tory shortly all that remained 
of Floreneia wag the name. 

The town of Floreneia was oEcially founded in 1D08 when 37 of to 
principal settlors agreed to construct their houses in accordance with 
a map drawn up Ify the Capuchin priest, Fatlier B idel de Montclar. 

The highway readied Floreneia from Altamira in 1932, at the tlnie 
of the war w ith Peru. The construction of the road meant that this 
potentially rich area became economically tributary to a hintcrhind 
from which it attracted immigrant and to whidi it could ship its 
products In this instance the highway was the cause rather than the 
result of settlement. 

The people who actually settle on the land are the advance columns 
who make it possible for the bridgeheads along the piedmont to ^- 
vive. The highways and xiTcra are the arteries along which flow 
people, Hie lifeblood of any area. A major factor that animates the 
heart that pumps this blood is demogrophic pressure. The more one 
sees of active, voluntary colonization the less faith one can have m 
settlement projects sponsored by the government. For one thing 
government agents, representatives, or inspectors, arc little mtei^d 
in going to zones in which actual pioneering is taking pli^. They 
want to “inspect’’ areas that are already equipped with airstrips, hotels, 
or guest houses, and other modem conToniences, In seyeral places it 
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was pointed out to mo that “ao one from the govemroent ever comes 
out here. A man from Bogota might spend the daj in Florencia be¬ 
tween planes, but we nerer see him I” The hue driyers were amazed 
that I should want to go to Montimita, the end of the line. 

In the environs of Florencia, with a radius of 8 to 10 miles, the forest 
has been cleared away and poituanent pastures have been established. 
This area has been settled long enough eo that trees and stumps have 
all completely decayed. However, from Yenezia southeastward to 
Montafiita the country has been cleared much more recently; dead 
trees are still standing in the fields and not all of the felled trees have 
rotted away. The foothills of the mountains look os if they had had 
a very irregular *‘i6onp bowl” haircut. 

sons 

The soils between Florencia and Montafiita, in the areas with, almost 
no gradient as well as on the slopes of the low hills, are fine-tezturod 
but fairly well drained* Those southwest of town, on tbs road to 
Bel^, are poorly drained. Ponds of water, so'me small, others acres 
in extent, stand in the pastures for days after each rain. They dry up 
only when there is a week or so without rain. 

hontaSita 

Montafiita itself, 20 miles 6outhea.st of Florencia, is in an area of 
rapid colonization. It was pist a group of houses (caserfo) tDl 1940 
when a central square, or plaza, was laid out where meat and other 
products were brought in for sale. The case of Mr. Munoz is typical 
(pi. 5, fig* Q). He had settled on a piece of laud half a mile from Mon- 
tanita when lie camo to this sector in 1923. The whole area was in 
forest at that time, and tied to the outside by a very poor mnle trail. 
He worked on the telegraph line for four years while clearing land lor 
pastures and foot] crops. By now he has some 390 hectares cleamd— 
75 where h© lives and 225 on the trail to the village of Puerto Bico. 
The farmer is self-sufficient as far as basic foodstuffs are concerned. 
He has hectares of plantains, one-half hectare of yuca, and one- 
quarter of sugarcane. The cane continues to produce enough sweet 
juice each year for household use, although it has not been replanted 
in 30 years. The soil is good, but not so good as it is in Huila. It is 
especially poor in calcium, and deficient in nitrates and phosphates. 
Fertilizers would be a great boon, but chemical fertilizers are too ex¬ 
pensive, and anioial fertilizer is not collected. The existence of vast 
areas of unoccupied land means that ranchers ore not inter^ted in 
inte^ificatioB in the use of land already cleared to the extent of stall 
feeding of soilage crops in ordw to make use of the stable manure for 
restoring the fertility of fields undor cultivation. Citrus fruits would 
do well, but no one plants or tends them systematically. Vegetables 
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are little planted or weed. There is pleaty of meat available, a little 
pill If, but practically no cheese. 

The son-in-law of tlie rancher j Mr. Diaz, was worried about the gen¬ 
erally inadequate diet and its relationfiliip to death-dealing disease^ 
such as malaria, or pditditmo (almost any fever goes under this 
name ), and to tropical anemifl, caused in large part by hookworm in¬ 
festation. Mr. Diaz himaolf had had yellow fever and was very near 
death^e door, but had recovered—tha^, he felt, to the fact that he 
tinrl always had a fairly adequate diet. He hoped that some kind of 
extension service, which would bring fanners advice on agriculture 
and on diet and health, would be inaugureted by the federal govern¬ 
ment. But he was not too hopeful. He did mention a case of &e 
unexpected consequences that can come from man’s interference with 
the natural environment. In the days of banana-patch plumbing, the 
well-draitied area of Montanita and vicinity was relatively free of 
mosquitoes. However, the construction of privies has meant the crea¬ 
tion of stagnant poola of water in which mosquitoes find an ideal 
built-in breeding place. The result is a plague of those pests and a 
high inddeoco of malaria. In spite of this hazanl, however, oyeryone 
seemed happy to be in this pleasant spot. “The climate in Huila may 
be more salubrious, but here it is easier to make a living,” commented 
the head of the house. And those bora and brought up in this part 
of Colombia are in lovo with eveiTthing about it and have no desire 
to go anywhere else. The oldest eon had returned to Huila for hia 
bride, but he had no desire to stay there. All the women seem extraor¬ 
dinarily fertile. The man of the house told me of the wonderfnl 
remedies to be found in tlie foi'est, particularly for such indispositions 
as a “touch of fever ” or constipation, or a biliouB attack (quina [wild 
quinine], mochilita, and higuerfin, in that order). 

The influence of a highway is felt over a wido zone. For example, 
the small village of Puerto Kico, northeast of Montanita. and San 
Vicente del Cagudn, a good day^s horseback ride beyoin^ both formerly 
shipped their products by mule train aertss the mountains to Algeciras 
and Neiva. However, with the extension of the road fi^ Florencia 
to Montanita, the commercial activity of Puerto Rico is oriented in 
the direction of tlie end of the truck route at Montanita. The produce 
from San Vicente, however, still moves over the mountains by mule- 
back to Algeciras* 

f xnrj figrATES AHD SMAEiL CLEAHinCS 

Southeast of Florencia, at the confluence of the Orteguaza and 
Hacha Rivers, the extremely wealthy Laro family has bought an estate 
of some 15,000 hectares of land, on which several thomsand bead of 
steers graze. They got government land cheap, tied to a well-popu¬ 
lated hinterland by a fairly good road. The investment is bound to 
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increase in value. They have a small port on the estate^ called Puerto 
Lara^, to which scttlerg from downrivier bring their produce in great 
dugout canoes, or Bags of yucaj corn, rice, and plantains, 

along with fattened hogs, chickens, e:iotiC hirda, sewing niachiiiea, smt- 
cases, and household effects, are here transferred from the dngoute to 
trucks for shipment to Floi^encia, Neiva, or even Bogota (pL □, fig. 1). 
Some canoes were loaded entirely with huge planks of mahogany and 
tropical cedar. The dngouts are no longer paddlet^l by hand. Every 
one of them baa a little outboard motor attached to it, and this means 
a rehtively cheap and rapid means of traiisport for both goods and 
passengers. The head of canoe navigation on these rivers running 
from the eastern Andes into the Uanos ia now, thanks to the internal 
combustion motor^ easily reached by people living 50 miles or more out 
On the plains. When canoes had to be paddled by hand the settler had 
to live within 10 or 15 miles of the head of navigation. One settler 
on the Eio Poscado, 95 airline miles away, brought two immense hogs, 
fattened on corn and yuca, to be loaded on the truck and marketed in 
FJorencin (pb 4, Bg. 1). it would have been impoesiblc to transport 
them by dogoiit canoe when the trip was measured in days Instead of 
hours. About SO percent of the settlers who are establishing their 
beachhead farms on tlie rich or natural levee land, along the 
rivers are from iriiUiu This man with the fat hogs for sale originally 
come from Armenia, Caldas, IT years ngo* He has some good pastures 
on which he would like to fatten cattle, but he has been nnabla to tind 
any lean steers for sale. 

FOOD CBpFS AX0 VILLAGE TBADC^O TECENIQUXa 

The frontiersman in the Ajidean foothills plants his patch of yuca, 
com, or plantains, depending on the local cliinatic and edaphic con¬ 
ditions, and on the stnrcih to wMch ha has always been accustomed. 

However, the fuvorite stArcIi foot! for the dweller of the llu-tios ia the 
topocho {M-aatt paradi^aca L.), a sdiaU eating and cooking banana 
that ia resiijtant to high winds, drought, and lack of care, fiice and 
com are frequently planted between the rows. YPhen harvested, the 
rice ia kept in saelra in the loft while tJie cars of com are tied in pairs 
by the husk and hung near the roof over the open kitciien lire. This 
protects it from weevib. Once a topocho patch is started it continues 
to bear for years; it ia bread, the very staff of life, for the llanero. 
When grated and dried in the snn it is used in making feculafor feed¬ 
ing small children; green or ripe it is used at every meal—boiled, 
baked, roasted, or fried. The topocho is also used as chicken and hog 
feed) and is fed to work animals and milk cows. The leaves are used 
as wrapping paper ia un area where that commodity does not meist. 

In the tiny stores on the streets nearest the public market an infitii- 
tesimal amount of goods is sold each day—possibly not more than 5 
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pesos* worth. However, it is impossible to get at the real ecoDomic 
life of most storekeepers b terms of statistics. Books are simply not 
kept. Further, urban and rural functions nnj bo tightly interwoven 
that it is next to impossihle to uui'avel the mdividual strands. For 
tng toTii^p, Marfa Yermeo has a plot of 10 hectares (‘■more or leas ) of 
land 2 miles west of llorencia. She raises com, plantains, yuca, rice, 
and sugarcime, and grinds her cane and makes crude sugar m a primi¬ 
tive trapiche^ or mill. She also has 10 milk cows. Two of her sons 
have ft tiny store on the plaza where they buy, sell, and trade chickens, 
hogs, eggs, plftntams, or anything that comes along. They take one 
nmal a day at the Tolima Hotel, owned by a coiiain, to which their 
mother purveys firewood, milk, emde brown lump sugar, and coobng 
bananas. Hogs on Dona Maria’s farm are fattened on t^ alop« from 
the hotel. But statistics of any kind are lacking wherewith to analyse 
the economic Uvea of these people, most of whose activities cannot to 
tabulated by IBM machmes. Some 80 to 90 percent of rural Lfttm 
Americans live what are to them very satisfactory lives, completely 
beyond the realm of statistics. Although from the point of new of 
classical economic theoiy they do not exist at all—a fact that adds zest 
to the study of man’s incumtoncy on the oarth m that whob vast cul¬ 
tural area—^Latin Americans arc making increasingly efficient m* of 
their hunutn and natural resources. 

FORINT HETTIJIMESTS 


On the weekly flight from Floreneia to the frontier military p(Kt 
of Puerto Legufeamo, on the Putumayo River, the only mtorvenmg 
stop is at Ties Esquinus, where the Rio Orteguaza Joins the Caqueta. 
ColoniEts have penetrateil the heavy forest on ft wide front south and 
ettst of Florcncia as far as the point where the Rb Pescado emptiee into 
the Ortcguazft, From there on to the Putumayo one flies over con¬ 
tinuous treescape with a totaUy unUved-in os^t. Tna 
Puerto Legiitzanio, and La Tagua on the Coquetii, are typical of settle¬ 
ments mad© for strategic purposes along rivers. Tlie river hank i8 
cleared for a half mile or so on cither side of the settlement, but only 
ti few hundred yards behind the settiement the dense forest swaUows 
up a trail or a road and holds sway in aU majesty. Such settlements 
have no libterland, and hence contrast sharply witli the rettlomente 
at the foot of tlic mountains, such as Florencin, Mocou, or \ iLavirencio 
that do have a hmterland, and are tied to it by a highway. For f 
a poor road is better than no road at all, Landslides can and do block 
oassen<rer and truck traffic for days at a time. However, the caravans 
of cars^and trucks thus blocked do eventually get through,even m the 
ramy season, and even if truck drivers have to help run bulldozers and 
bus passengers, m relays, have to help push the bus or shovel earth 

(pi. 3, fig. 2). 
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THE SOGAMOSC^-AGUA AZUL HIGEWAY 

It should always bu kept in mind that a highway is built and is 
used for two-way traffic. If, for eisamplfip a road built from a densely 
populated sector, X, to a frontier zone, T, in which a sparse population 
is precariously estAblishedj tlie road can be a boon to the people of 
for they can now send produce to, and import goods from, X. 
However, if an epidemic should break out, or if the political situation 
should become meutioing, or if other physical or man-mEide catastro¬ 
phes sliould arise, then the role of the road is reversed, it were. 
That is, peopio will use it to flee from Y in order to achieve the reJativo 
safety of X, and Y will be drained of it5 inliabitants* A cose in point 
is the area aouth and east of Sogamoso, a pros|.Kjrous urban center set in 
a valley worked by tlLOusauds of induslrious small-plot agricuJturalista. 
The highway comiecting this mountain center to the llanos crossed 
the high, cold pdramo country around Lago de Tota, where the iiihabi- 
tanta earn the barest of livings by graKing sheep on the bleak moimtuin 
sides or by growing tiny patches of potuloes* Only very graduaUy 
bad this hard-working population begun to seep over the mountains 
to the llanos, along the precipitous tmil tised for walking rangy 
from the gi^Ciit plains to market. Tlie road was a boon to the fttea; 
settlers came in in greater numbers, army posts were established in 
Pajarito and in Agua Azua, luid what had formerly been almost ex¬ 
clusively a cattle trail became a busy highway witli tliriving two-way 
traffic. Then came the civil disturlmiices—the yctirs of la 
a$ the intctTiecine strife is referred to locally. l?ival factions engaged 
in indiscriminate killing. Many people on both sides lost their lives, 
many more took to the wilder^ more ruggetl terrain and waited for 
the stoi'm to blow over, but ati even greater nnmber very early in the 
struggle ivachcd the comparative security of the fnrge cities by simply 
using the highway, Thu^ the fu'eii was effectively drainod of a ginat 
number of its hard-working, peace-loving inhiibitants. Only in 1953 
and especially during 1954 were they beginning to come back. 

To be sure, many of Ole settlers left the mountains for the eastern 
frontier zone for social and political rather than purely economic 
reasons. They sought a new world in w hidi to enjoy freedom from 
societal restraints rather th^o a geographic frontier in which to work 
out their economic freedom. But their very cultural hoHtage militated 
against their being able tn take full advantage of the resouroas offered 
by virgin, unsettlwl territory, A reflection of this situation was the 
revolutionary movcJiicnt in the eastern lliinoa during the years lS)5f)“53. 
one of lh 0 most significant sociological phenomena in the Western 
Hemisphere during recent times. 



EASTERN COLOMBIA—CRIST AND CUTHL 


405 


A COLOMBIAN FJOHEZB 

All over- thfi world ther® soems to be a rura] exodus, a kind of tidal 
wave of liuman beingig leaving tile land for urban, a^lomeiiitioos, 
largo or stnall, that grow by accretion. Howeverj a roTersal of this 
process seems to be taking place in various putts of Colombia^, particu¬ 
larly in tJiG trnnaition belt between tlie vast plains of alluvial depo- 
aition and the massive Andean wall. To be sure, maoy of the setUet^ 
entering this zone have been pushed off the land^ either from lai'ge 
estates or from plots too small to support a family^ Ilowcverj a large 
part of this wave of migrants is made up of former urban dwellers, 
men who have made their livmg as urLiaans or as industrial workers. 
It can becoms so difficult to make a living in urban agglomerations 
that they cease to grow by accretion—indeed they maj^ and do, supply 
the recruits for pioneer fringe settlements, ITia pioneer settlers are 
to a great extent monntruneera, rurad or urban, who hail from those 
regions of cold, ragged terrain that are feeling the effects of the con¬ 
tinued afid increasing pressure of population upon the land resource* 
Competition for jobs is extremely keen and the struggle for mere 
survival is grim- 

In order to pinpoint tliia colonization and to hoist it out of the realm 
of mere Btatiatics^ detailed notes wei-e taken on one family that might 
be considered typical,^“ Tiberio Valdcrama GaUo is an Antioqueno 
who, with Ids wife and family, U working out his salvation as a pioneer 
in the foothill area south of Sogamoso. As a young man, still a 
bachelor, he left his native province for the Choc6, where he worketi 
os a mechanic, or at any work he could find, in corm^tion with a 
mining enterprise. He saved little money but saw some of the country. 
In 1935, at age 25, he married Maria Sinchoz, age IS, who had had 
some experience as a nurse. Tlien for eight years he worked os a 
carpenter in the province of Antioquia and in tlie cities of Zipaquiri 
and Sogamoso* FTia memories of tJie back-breaking, sonl-depressing 
labor were still vivid- He kept longing to got out of this treadmill 
into something where he would be independent. The opportnnitj 
seemed to present itself when a “voluntary” contribution was asked 
from the workmen on the occasion of the niarriage of the daughter 
of the owner of the small factory in which he was working- He spoke 
of the poverty of the workmen, of the relative affluence and economic 
security of fhe “patroUj’* and he rebelled at the thought of having to 
pinch a contribution out of the tellies of his family, which by then 
(1942) consisted of five children, in order that the sleek, fat daughter 

DetBiled Bttunos W social acthmijuloslsts are yet to ^ made of BtraHfl- 
i^tlcn ana valae ajatema ia the pioneer mdc eldU to the secterfl from wliltR the 
pioneers are coming. It \e to be hoped that tlUs virgin field wUl aeon find 
workers* 
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of Ills *^atron^ miglit have a ^uiiiptuous wadding. He left Sogiunoso 
with Ilia family for the tiny liaJJil&t of PajaritOj which is lost in the 
midst of the heavily forested, steep moimtain elop^. He left his 
family in a one-room hut and went on without a cent to a plot of 
ground ho was to clear, near Cupiugua^ JIb had nothing, but njGthmffj 
he insisted, and this meant just that. For the first two weeks he lived 
on cooking bananas, boiled or baked, mijced witli salt—tlieso and 
nothing else. Ho planted small patches of eont, of bananas, and of 
yuca. Meanwhile, his wife and children were living on a diet barely 
able to hold body and soul together. When u temi>orary shelter was 
built on the clearing, she sold her gtockdngs and ironing bemrd to get 
enough to hire a pack mnle on wluch to load her few belongings, Tlien 
she set out on foot for the clearing. The night she arrived they ex¬ 
perienced the worst storm of her life and sirent the whole lught in fear 
end trembling* The roof held and it weis clear on the morrow, and 
botli she and her husband said that, in spite of storms, they were so 
glad to be here at the edge of the forest where one was iadependent. 
The dominant motive behind the move was tlie unquenchable desire 
for iudependcncep He was determined to go forward, to migrate, with¬ 
out looking back* He knew that he had burned his bridges behind 
him and that it wiis on tlie frontier where he must make hie living. 
To be sure, he might ^?end his family away to be educated, but he would 
carve out of this wilderness the land that would support him and his 
family. He was here pa™ (forever) he saidj but ha mused 

awhile before adding, unless ha fotind another area of coioniiation in 
a sector with a somewhat milder cliinate. He has given some thought 
to Bettlement possibilities in that sector of the mountain front between 
San ilartln and Florencia, one of the most attractive areas yet to be 
settled in the whole country. 

His wife Marta is just as determined to ha independent as is her 
husband. Fortunately she enjoys good health and can work 14 to 16 
hours a day. She now has excellent help in her two oldest daughters, 
who are up early and do a lot of the cooking, but while they were still 
smaU their mother did all the cookhig, sewing, mending, bathing of 
children, and so on. Further, she did not hesitate when her husband 
was away from home or busy at other tasks to do the work her^self in 
tlie small plots where yuca, plantains, and com are grown, and to cany 
the produce home on her back. 

By February 1945 everyone wiis sick with intestinal upsets and 
malaria, but Tiberio had to go out, alternately shivering with dtills 
and burning with fever, into the dark forest and the rocky grassy bilk 
to hunt for game. It was the only protective food available. The 
whole family is aware of the importance to health of citrus fruits, and 
parents and children alike consumed quantities of lemons from seveml 
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ill A result of itie h.il^hway cOTititfCUng it to BoimtA. 



Z, A former maJ worter* orij^naKly from wlio ka^ scttEcd near the Hiiniinlca Rii^cr. 

He married a local girl. Later hi^ ftjjtcr an-d tier tiuaband, from HiiLta^ jolEved tbc 
gr^iup. 
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1. '('ninsBhipfling cargo by Imnd aeni*a tire Humailca Rjver on i}\s frail S^LlSpClUSinn brid^. 



ITic Ha of DAturat grass jubL horril uf Bacfii del Moo to, a Typical vjew of iIjg lEiacu, or 

gr^ESy pljim. 
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1, Dr^inj? rice in the *tmis Bijea dc[ Monbe prcparRlorj- Em ihipmcnt Tfi Bogoli. 


2. A bill held up bv- a tan[isJide ci-d tbc Gacimii-FlMrt'ilda road Such occuffraces mean 
hartishTpi and ]qP 5 of tenw for biu poacilgert, and may rau« ■nbtLantial IoskI for iru^liErB 
wslh perishable produce. 
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r Du^H.Mir canriK4 frnnt dtmnrivei' bniiKT ullfHJuJf iJ ill I'iH-tIO 2. riirifh Unma r.f Hr, VuMcramii GiiHo in the diBEancc, 

Liira, I h(' cjir[^-i 111 |]iii Cflic curtsisieil i-.iF ii«, pkntainH, Kib cornJscid in l}ic forcRraund and rhe pastlirc 

LWo fatLcIScd Uof^. and pSanLi lianlwi^Kl, Eafll cnhtic Mill bIiJi? of liie luiute, huth cul tiuC of JL’ntL- farr^t. 

u powerL'd by' an tiutFv^ard rtiocrir. 
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1. Ln Xclvji B CQJivuy of buses (msBcoe:} a.nd trucks unload ricc.^ cooking b3.[iDnjis^ and oLbizr 

l^rndiin ffnm lliu RImum. 



2. dlie Muiic^ fflinily nl MoniAuita- "nie cldcriy coupto on the RcJi (iiBciri^r<d from lEuiRii; 
r \\ the rest were bom iu the bui ccmnlry in or ne^r ^loutflnsta jiPii are leidin^ h^ifipy livtit 
thm. 







I. ThCfrc rliLlilrfh qF Siytlkra wha d ritually ramif from ihs mnuiscain pmnriH: of I fiulfl 
walk by Lhc stalled slatkfri on she way /ram ibfir frH>titkr farm to the market ill 

Rocli lit'I Mi>ntc- Sotc the turkey on Ixiy'i fihDu|der+ 


2 . llae rsn-chcr, his wife^and eijfht of Ina chiUTen aj rliey itaild between the hause and tbc 

tkclien IzarJen. 
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PLJ^TE 7 



1. Xcwly cDftiiruinfd hut tif a return vettkr an rliu iniRd, vUh ip-tki nf eKar- 

■foal rtjjidy for siiipment uo Paiio. 



2. Sjburiiioy India tll At ihc Capuchin Mission of the same n^mc, mi- here they art taught 
SpanL5h.r aj^icuilurAl praCtlnreK j^l^d N> 013^ Note ihu many strands of bcadi used as an 
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ildine cjf n relattii'cly prcwpcnjiif rancher oTi ttie ^ilccoa road;, ciic out oF whac waB s'lrigi- 
Ftally dcnBi^ Tropical rain 



3.L A cmiie sairmill til'C end. o| thi? PamplDnxi^RjL'j Frk* fuad^ with Tflt Ixut in the upper 
left the only E-ign of human csccupaoWr 
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old tre^ near the house tliat were bearing while 1 was there. For 
months it was impossiblo to get proteijis except by hunting. There was 
no neighbor near enough from whom he might hare obtained pork or 
beef* It wag then that ho became most keenly aware of the importance 
of an adequate diet to fortify the human body against the onslaught of 
disease. Everyone became infected with malaria when tlic mosquitoes 
got bad in the dry aeosonf hut he was able to send for plasmoqnin 
through a friend and thus euro tlie sick. 

The first year he cleared hectares of land during off time from 
hIB job on the road where he earned 1,80 pesos a day. With that money 
he could buy the barest essentials in BoquenSn. By the end of the 
second year he had cleared 8 hectares of land^ had bought a milk cow 
for 65 poi^Sf and had several pigs and 40 chickena. The cow had a 
calf in two montlts^ time. By 1949 he had built a house and had 
acquired G cows and 8 calves^ 3 hogs, and a siKabl^ fiock of chickens. 
Tlien came civil war^ which rapidly created a social and political 
climate infinitely more didicult to cope with than the natural 
enviromnent. 

The scourge of the subsistence farmer or the pioneer in so many 
parts of Latin America ha^ been the recurrent revolution or actual 
civil war. Colombia had been ^ored this curse for over two genera¬ 
tions, but the hatred between conservatives and liberals had merely 
been smoldering, and in: 1948 it was to burst into Same and destroy 
many thriving villages and properous farmsteads. Almost the entire 
valley on the eastern side of the Andes, with Pajarito as its center, 
was devastated as the bands of conservatives, the government forc^, 
hunted down and destroyed the liberals, giving no quarter. Many 
people hid out in the forest with little shelter, almost no food, and in 
constant danger of being ambushed and destroyed. Their tales of 
living like hunted animals were heart-rending in the extreme. Others 
returned to the cities, whore life and limb were more secure than in 
the villages or in the open countryside. It became tmaafe in this 
sector even for a conservative Antioquefio, becrause as the fighting 
continued and the lust for blood increased in intensity government 
forces were apt to shoot first and inquire into political affiliations 
afterward. 

So Tiberlo wag forced to sell the land that be bad with such loving 
care cleared and made productive. He received 2,400 i^esos for the 
cleared land and another 300 for I he hogs, chickens, and com. The 
fact that, starting with nothing at all, he had been able with 5 years^ 
hard work, to accum uk te 2,700 pesos was a great stimul us to him. But 
unfortunately he was caught again in the some urban treadmil!. Hib 
earnings as a carpenter were not enough to kesp up with infiatjon, and 
his sayings dwindled rapidly. By the tune the civU war was over he 
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was again in desperate finimcial circumstances, leading a precariaus 
existence in his struggle to support a growing family with wages 
lagging far beliind soaring costa, liy ISfiS he was anxious either to 
return to his former holdings or to go somewhere else where settle¬ 
ment was aetiTC. His old farm was not for sale, and he had no moimy 
•with which to buy it, so he was glad to enter into an agreement -with 
the owner of 80 hectares of land near Cupiagua, whereby be oould 
establish his home, clear land, and harvest crops on the halves. 

He came out again in ’53 to build a shelter and get his food crops— 
corn, yuca, and plantains—planted (pi. 4, fig. 2). He has a 4-j6or 
contract with the owner of the land. Everything produced on the 
farm, not including what is consumed by the family, is on the halvea 
However, one-third of the value of permanent improvements on the 
form, such as coffee bushes and unproved pastures, belong to the renter. 
He already has ^ acres or so of pastures cleared and has about five 
times that amount to clear. It is slow work because he and hvs brother- 
in-law, without money to hire men, must do it alone. Coffee will be 
planted next year. He talked the language of a poet and seer as be 
described the dense forest wkich. he must first dominate in order that, a 
few years hence, fine, sleek cows could pasture whei'e now grew only 
an impenetrable tangled mass of treea and vines and shrubs. 

Ho had come out to this land without any previous knowledge of 
soils, rainfall conditions, or other physical factors he must cope with. 
He is experimeuting steadily in his kitchen garden to find out what 
food crops will do best. He grows onions, lettuce, tomatoes, cabbage, 
aq^uash, carrots, nnd other vegetables. Use is made of cow manure 
gathered in the nearby, recently cleared pasture. Around the house 
40 mango trees are }ust coming up from seeds. This is the type of 
farmer who would and could benefit from technical assistance, prefer¬ 
ably on a county agent basis. However, Coltunbians, like Latin Amer¬ 
icans generally, have learned the hard way to distrustilioso who proffer 
usmstance. Before farmers •will be receptive to a technical aid pro¬ 
gram, even one of, by, and for Colombians, they would have to be 
convinced that it was really to their interest to cooperate. Tliis might 
pruve to be a formidahle task, 

An important factor in the succem of thiB pioneering venture is 
family solidarity. Husband and wife and children form a closely knit 
unit working tov,*ard a common goal Dora and Soe de la Cruz do the 
house cleaning and cooking. They are up at about 5 o^doeik in the 
morning, to build the fire in the cook shed next to the house and start 
breakfast. Wood is brought in from the forest by the boys and is cut 
into usable lengths and split into smaller pieces by fond, easy-going 
Unde dlarco, brotlier of Maria, who also helps in clearing the forest. 
HouBB-deantng tusks are performed after the menfolk ha've gone to 
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work and while mother 19 busy with her sewing. Besides the two 
daughters luentioDiedj there are Josd Ceferino, Omar^ Hairo Alonso^ 
Waldemar, Litln de la Cruz, Tiberio Agusto, Gorge Enrique, and Joee 
Guillenno. Tiiey all have to be regularly bathed, fed, clothed and 
“minded,” and those jobs take up all the available time of the moth^ 
and two oldest daughters. Eadi child asks and receives his mothers 
and father’s blessiug each night, and the family often reads the ques- 
tious and responses of the iwsafio. Discipline is strict, punishment is 
swift. Certain precepts are uistilled into the children at an early age, 
PnnMits must be obeyed without question; the older children do not 
tease the younger ones; food is never to bo wasted. Wlicn one of the 
younger cliildrcn, in a Qt of temper, threw his food on the ground, he 
was soundly spanked. 

Further, the Antioqueno has tlio tradition of individual initiative 
and of flconomic independence behind him. He has made his living 
at his trade or on bis little plot of land and has ntibouiided coniidence 
in his capacity to continue to earn hifl living at his own trade or on 
hU own land. He has not, like the Santanderaano, been tied to the 
land in debt bondage till lie has lost tiie capacity to strike out on his 
own. lie still hjia the will and the optimism to migrate, in the hope of 
finding Bometliing better. Hie Antioqueno is a rugged, hard-working 
roalist, intent upon achieving his own independence, without govern¬ 
ment aid in any form. 

PAMPLONA-RfO FRIO 

Tlio population of the little mountain town of Pamplona and vicinity 
has in recent years been subjected to the economic pull of Cucuta, 
This pull has counteracted the tendency to migrate southward and 
eastward toward the llanos of the Araiicu River, the boundary between 
Venezuela and Colombia. The road from Pamplona to Labnteca is 
mainly through the narrow gorge of the Chitaga River where the 
growing of crops is difficult, and even grazing does not prosper. How¬ 
ever, Labateca and Toledo have been established on relatively fertile 
alluvial terraces. These are old settlements, a nd tlio cu1 tural 1 andscape 
between Labateca and Bata is mature—com, vnea, plantains, beans, 
and squash are the food crops, and coffee and sugarcane are grown for 
rngh However, as soon as one crosses tlie liigli ridge south of Bat si, 
on the Murgua River, one is in wild, barely settled country. A few 
men arc engaged in burning charcoal and in entting trees for lumber. 
Along the last 20 kilometers of road before reaching Rio Negro there 
were only six huts or thatch dwellings, two of which were nninhabitoiL 
A primitive sawmill was turning out logs {pi. 8, fig. 2). One won¬ 
dered how the laborers operating them existed. There were no plots 
anywhere on which staple foodstuffs ware being grown, and there were 
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no womenfolk in evidence^ The sector is obviously being of 

its rcaoun^es wjtli no plan of permaneDt sottlemfiiit,. yet the area should 
bo colonked for strategic if for no other reasons. The road should by 
all means be improved if settlers are to be attracted. As things now 
stod an oil strike south of the Arauca River would probably moan tliat 
that whole area would to a large ejctent be invadetl by Venezuolans 
looking for work, ndher than by OolomhiaiiB. 

Guanapalo and Pauto were (hriving economic and cultural centers 
during colonial timea, the epoch of greatest missionary activity. Be¬ 
cause of their wealth and the number of their inhabitants they playod 
an important role in the wars which have made ColombSan history. 
This was a aone of great ranches and thriving towns when I he rest of 
the llanos was still virgin tc^ritorj^^^ I^ore was the mos^t important of 
these towns and, for colonial society, its influence was greater than that 
of any of the modem capitals. It is said that at one time Pore, ea- 
treinely rich in cattle, had a larger i>opiilation than Snnta capital 
of the vice royalty. 

After tlic wars of independence, missionary activity declined in the 
mountain-front sector for a hundred miles or more south of the largely 
unoccupied Colombia-Venezuela fremtier zone, but whether it was the 
cause or the elfect of lack of development it is difficult to determine. 
At present Colombian nationalism is demanding that tliis unoccupied 
area between the jnountain heartland and the intematiotifil boundary 
be tilled in, in somrw^hat the sitme manner that a boy with a suit sev¬ 
eral sizes too large for him wants to grow up fast and fill out his 
clothes. But all growth reqiurcs time. Meanwhile the boundary be¬ 
tween Colombia and Venezuela remains to a high degree an artificial 
Ime on a map, a broad buffer zone with little significance in reality. 

PASTO-MOCOA 

The road eastward from Pasto, the economic and adrumistrative 
capital of highlund Xarifio, can take care of vehicles of 3 tons or less; 
the first 10 miles it climbs steeply thivjogh an mtensivdy cultivated 
area of mimfuTidw to tho pass known as El Tabano (the horse fly), 
the contineutal divide, or flivorrio ^s^arum; the road descends even 
more abruptly to the tiny village of El Encano on the shore of the 
picturesque Laguna de la Cocha—very probably of glacial origin; 
at present a rendezvous for hardy trout fishenuan. Between El 
Encano and Santiago another extremely steep mountain must be 
cro^d, on both dopes of which the felling of trees for timber, but 
particularly for tlic making of charcoal, is going on at a diz^y jwicc, 

Gf. Platt, Ituye IL, OpporliuilUe^ fiJT aarfcultanil colonisation In the oa stern 
bonder vaUeys of the Anclea, In PSoneor SettlemcnLt Amer. Soc, Spec, Publn 
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with little thought of control mensiirea to snfegu&rd soil and wuter r®' 
sources (pL 7, %. 1). Between Santiago and San Francisco, via the 
village of Sibuiidoy, seat of tlie Capuchin Mission, the road hugs the 
base of the steep north elope of a vast swampy basin, now drained by 
the Putumayo Elver, that must originally have been overdeepened by 
glacial Ectiom Settlers have cleared the forest from the well-drained 
and fertile allnvinl fans deposited by the streams that empty into the 
swamp, and have established thriving caAtlc ranches (pi* 8, fig, 1). 

The San Franc isco*Mocoa sector crosses still ancitlier high pass, tlie 
Pdramo of Bichoy, before plunging eivstwiird through many tnilea of 
wild, rocky country, completely inhospitable to human settlement. 
From the last defile, at about 0,5UO feet, one can, in clear weather, dis¬ 
cern the great valleys of the Putumayo and Caqiietd Bivers with the 
tiny settlements along thorn j from there tlie road descends 1,000 meters 
in 25 kilometers to Pepino, 10 kilometers from Mocoa, long thecapital 
of the Comisaria of Putumayo and the most important nr^ ag¬ 
glomeration of the region ^ it has three long streets cut by six short 
ones, wide and well marked oat. The authorities work and Live in rela¬ 
tively commodious municipal buildings. 

Puerto Limun, Urcusique, and Puerto Umbria, all are tiny bridge* 
heads in the wilderness, settled mostly by hard-working people from 
Narifio, Antioquia, and Caldas. 

Tlie Comisiifia of Putumayo is the home of three cultural, racial, 
and linguistic groups of Indians, the Ingono, Siona, and Kofan, who 
were well adjusted to their environment but whose economy and social 
organization wore primitive. The settlers from the moimtaiuB made 
these primitive ImUans work for them, they exploited them and took 
advantage of them in many ways, with the result that Indians 
have fied to areas as yet untouched by the now settlers, ^he cidtural 
inferiority of those few who remain, to be seen in the Sibundoy valley 
and arouiul Mocoa, is reflected in their low social and economic stand¬ 
ing in the community, where they arc a prey to malaria, yellow fever, 
influenza, and water-borne diseases, as well os to their “civilized” 
fellows (pi. 7, fig. 2). These primitive people ai-e given little help to¬ 
ward improving their agricultural techniques, although ei'eu now they 
enpply many of the “spearheads of penetration’' with yuca, plantain, 
corn, and vegetablcsi Sor is their artistry valued very highly, in the 
making of pottery, baskets, and textiles, some of the finer examples of 
which are veritable museum pieces.*^ 

Some of the settlers who came iis the Pasto-Moooa road was open^ 
up had a little capital and a small fund of expericnoo in living and in 

i*Chave» IdllclatlCB, ta colontoicloa do la CQuilearia dd PfltinaTo? on 
problema etatHieciiomlco-SBOBrafi<» Ue Imroromciii naclodat, BoL toL 1, 

Nw. S, pp. aST~BB&. 1&45, 
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makiDg a living in frontier but the great majority TVpre men 

whose only baggage consifijed of th^*ir capacity for hard work. The 
isettkra were a heterogeneous lot, poveily-stricken day lahorera, share¬ 
croppers, or renters from the large estates in tho hot lowlands or 
tempera to highlands; half-starred i>easELnt proprietors of tiny, frag¬ 
mented plots in the cold country. Here was a vast, fertile country 
awaiting settlement, where land could be had for the takings for no 
one owned it* All the Eetller had to do was to build a thatch hut, clear 
a piece of forest with his faithfid nmehetej and plant com, yuca, and 
plantains. But this was not enough to cope with the new enviromnenh 
Weakened by a poor diet the settler became a ready prey to malaria, 
and to other diseases that stUl further uuderniincd him. With no 
capital it was impossible to buy drugs, even if they had been available. 
Many of the early settlers died; in many settlements all the children 
died year after year* Ontse sick and ailing, a worker is no longer able 
to keep up the unequal struggle against thi^ forest-, to be but there 
would be much less sickuesa if public health measures were ^stemati- 
cally undertaken to kill the vectors of tropical fevers and to decrease 
the incidence of water-borne diseases. F tirther, cheap and easy credit 
should be available to the settler, without his having to go through 
endless red tape; thus he could bring Ms agricultural equipment and 
techniques up to date and take cure of his seasonal needs without re- 
cour^ to the usurer^ Finally, improved roads would tie the settler 
more securely to his local market and thereby to the national economy, 
The PasfCMSibundoy-Mocoa-Urcusique-Puorto Umbria road 
should at the earliest moment possible 1 m extended as far as Puerto 
Asfs in order to tie in witli navigation on the Putumayo, 

The construction of this highway was especially pushed during th^ 
war with Peru, itself probably due in part to the neglect of this fron¬ 
tier zone. When the treaty of pence was signed, work on the road was 
abandoned; tho last 2o miles of the Pasto-Pueito Asfs road was not 
finished. Thus (m extremely fertile area, the alluvial land along the 
Putmuayo, does not have an ouUct for iEs produce. Eiee is reported 
to give prodigious yields here, but it cannot reach its market. At the 
same tun© there is a great demand for it in the mountains, and in 
Xarino a brisk contniband trade in Ecuadorean rice has grown up- 
The mountainous around Ipiales, near the border with Ecuador 
is also se^ng a safety valve to the oast, in the form of one road via 
Ln Victoria to connect with the San Mignel River, and another via 
Puerres, which crosses a pass in the cordillera and will connect with 
the Guomues River, which drains the Ijangiiua de la Cocha, 

The state of Cauca has completed the road from El Bordo to 
Boliv^ and every effort should be mad© to continn© this on to Sail 
Sebaatian and thence, crossing the divide, to Santa Eosa on the 
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Caqneti. SfmUi Hosa should then be tied to Mocoa and Puerto 
Limon- This ncscomplisbedj the roftd following the foot of tJie cor¬ 
dillera from Florencia to Puerto Limon, ria Belen^ would open up a 
vast fbrtila area to settlementi 

CONCLUSIONS 

Almost three decades ago F. O. Martin felt that the three chief 
drawbacks to settlement and development of this vast region were the 
lack (a) of kept*up roads and traiU; (b) of a good labor force, and 
(c) of coramunity spirit. He felt keenly about the latter^item, com¬ 
plaining that “tliere is no commimity ^iiit among the inhabitants 
in the matter of maintaining trails or in any other communal rela- 
tions. Cooperation is nnkno^vn; rather, intense jealonsly among in- 
dividnale prevails." Tt has been seen that, although in Colombia as 
elsewhere miracles are rare in the affaiTB of men, improvement has 
been steady: roads and trails are being kept tip and improved, and 
the labor force is not only more numerous than when Martin wrote, 
but it is more efficient because of a better diet and a lower incidence 
of the so-called tropical diseases. Tlio community spirit cannot be 
said to have become Utopian, but St has certainly changed for the 
better generally, in spite of the temporary setback resulttug from the 
iievolutionary ontburat of 1960-53. Of fewer end fewer sectors can 
it be said, “settled but unexplored,” for the reality is that population 
pressure in the mountain areas has built up to such an extent that 
n wave of migrants is actually crossing the eastern cordillera at many 
points to enter tJie tropical lowland. The physical climate is one 
that can the more readily be coped with if collective man surrounds 
hiiugplf with a favorable political, Eocial, and economic climate. 

In die words of Professor But®, tropical forests are not unfriendly: 
they are merely disinterested. It is understandable why they do feem 
unfriendly when they are engaged in single combat by a lone indi* 
vidual armed only with a machete, who, besides being poorly fed and 
poorly housed, may be sudering from fever and intestinal ailments 
and parasites. The picture clianges completely when man is in cul¬ 
tural control, as it were, and can create his own favorable habitat 
as be peuetrates the forest or any otlier natural landscape he has 
decided to live in or change; a young army officer in Florencia pointed 
out that ^y place can be a pesthole if one eats poorly and takes 
none of the ordinory precautions to maintain health. He concluded 
that, by merdy minimizing and guarding against the bad features 
of the tropical climate and taking advantage of the good ones, one 
could lead a very pleasant life there. And thousands of his com¬ 
patriots are finding this to be true, no longer regarding tlie forces of 
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nature aa tarrors to be placcit^^ but rathei' iis beneficent po^Ters with 
which man may cooperate* 

There has been no steady pushing back of the frontier on a broad 
fi-ontj rather the forest has been encroached npon in widely acnttered 
areas for the exploitation of wbateYer resource was most highly prized 
at the time. For centuries minerals^ or forest products such as rub¬ 
ber and quirkine, played that role* As the mountain population slowly 
began to recognize the soil of the rain forest as an important^ Tclnablet 
exploitable resource, they were able to effect what might be termed 
a **break-througli” into the Andctin foothills and tropical lowlands 
in the Tillaviceneio and Florencia sectors,, where tliey are rapid]}'' 
consolidating their gains^ The tempomiy break-through south from 
Sogamoso has been largely halted by an iinfaYorable political ellmatei 
while Pamplona b not yet successfully tied to tlie plains area to the 
south* Settlers from the mountain sectors of southwest Colombia 
are in the process of effecting their break-through to the eust, along 
the highways mentioned^ but thus far various factors have made it 
impossible for them to anchor themselves by permanent agriculture 
and grazing. New roads ore being constructeti only very slowly and 
roads already open have not been too well niaintained, educatioii 
and public healtli campaigns have been neglected, and the capacities 
of the indigenous Indian population have not been fully realized. 

The tragedy of the llanos is the tragedy of a frontier zone that by its 
very nature is not yet able to live a Efe of its own, somewhat like 
our own Middle West a century ago. As long aa the iliddle West 
led a kind of colordal existence vis-a-via tlie eastern seaboard it could 
not work out its own regional salvatioiL Once it was settled by 
an induatrioqs, agricultural people, »^^d wus crisscrossed with rail¬ 
roads and motor roads for int.raregional as well aa interregiDnal trade, 
it could and did develop its own complementary industrial society. 
With tlio introduction of adequate roads and transportation facilities, 
education and public health mea^ros, and permanent rather than 
nomadic agriculture by a vigorous and hard-working jieopk, the llanos 
may indeed experience an evolution similar in rnatiy rcsjiects to that of 
our Middle West during the first half of the mnek'enth century* 

Tlie densely populated Andean heartland of the imtton is being 
3ub]eotcd lo centrifugal forces that are already undermining it^ im¬ 
memorial dominance. Altliougl^ the center of gravity is still in the 
cool to cold mountain sectors, the fi ontier of settiemeiit is actually on 
the marcli into the low-lying hot country. 


The Sources of Aniinal^Behavior^ 
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Foa KEAELT 20 years now I have worked on Tarioua aspects of the 
biology of a group of marmo worins—the polychaetcs—mainly, though 
not exclusively, on the members of one fanuly. An intensive study of 
that kind has ite own fascination, and it becomes particularly reward¬ 
ing if the investigator is lucky enough to find that his animals illus¬ 
trate with exceptional clarity some principle of wide application in 
biology, 1 believe this can he said of the heavier of my worms, and 
although the helief may be merely tlie ro^ illumon of a specialist (for 
I tend to see any biological problem in worm’s-eye view) ^ I shjill try 
to develop the theme here, I shall start with the only species I know 
at all intimately—the common European lugworm, Aren^ol^^ m^xrina, 
and go on to certain related species and then to quite different kinds of 
animals, My aim is to show that even a worm may have a useful con¬ 
tribution to make to our understanding of animal behavior in general. 

I 

The lugworm is commonly about the ai^e of a fountain pen^though 
it may be rather larger, or very mnch smflller* It is found at low tide 
by digging in beaches of muddy sand. It lives in a fairly permanent 
burrow, eating the sand, digesting some of the organic content^ and 
ejecting the unwanted residue on the surface^ Theso residues collect 
as a heap of sandy eylintkrs; most of ua have walked across a flat 
beach when tlie tide is out, and seen the little heaps in their thousands. 

The Ingworm’s brain is veiy small and its nervous system is com¬ 
paratively simple; it leads an extremely sheltered life, surrounded by 
the ^nd, Avhkh is at once its fooil and its protection from the hazards 
of the world: and one might reasonably expect, from these facts, to 
find that its behavior consists largely of simple responses to sthimli, 
most of which come from within. For example, one might expect it 

* Inaugural lecture deUTprefi at UniversItJ' College, LoDdoOr Jte- 
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to St-art eating when its stomach is empty^ to go on till the stonvacJi is 
full, and then stop; and to mahe the badrward trip to the aurface, to 
shoot out a sand cylinder^ whenever its reetnm fills up to a certain 
degree. But the facts are quite otherwise Under njatnml conditions 
it feeds in little bursts, each lasting for a few ininutes, with rests of a 
minttla or BO in bctwoeji; and if you watch it in a ginss tube of sea 
water, without any sand to eat, yon often see a similEir alteriiEitiun of 
feeding mOTernents and rest. The important point hero is that each 
of the outbursts subsides although tliei^ has been no satisfaedon by 
eating. Again ^ under natural conditions a ingworm moves backward 
to the surface and alioots out a sand cylinder at regular intervals which 
vary somewhat with the temperatuie and the size of the worm—com¬ 
monly about once every 40 mmiites—and tlie fasting worm in a glass 
tube can often be seen to mal^e similar backward trips, as before, at 
regular intervals of about the normal length, even though it has no 
urge in the form of residues to discharge. It looks as if the worm had 
“physiological alarm clocks^’ in its organiz^idon which go off spon¬ 
taneously every so often, irTeapective of ite needs, and compel it to 
make a burst of feeding movements, or a backward trip.* 

In the case of the feeding rhythm, the analysis has been pressed fur¬ 
ther. The “alarm ch>ck^' has been located. If you remove the front 
part of the gut—the esophagus—put it in a dish of sea water and watch 
it catefully, you sea that this little fragment of the worm has a compli¬ 
cated automatic rhythm of its own. For a few minutes it is vigorously 
active, with weaves of contraction running along it in regular sequence 
from the front end to tlie bojck^ then it becomes quiet for a couple of 
minutes, and so on. We can distinguish two rhythms here, of different 
levels—ihe first is that of the contraction waves thcmsalvea, imd the 
second, BuperimiKified upon it, the alternating appearance and dis¬ 
appearance of the first. It can be shown quite convincingly, by appro¬ 
priate esperiments, tluit this behavior of the esopliagus is the cause of 
the intermittent feeding of the intact worm* When the esophagus is 
active, its activity spreads through the tiorvous system to most of tlie 
muscles of the tody, affecting them in various ways and producing 
periodic feeding movements. 

In writing thi^ opening paragraphs, I tried above all to to clear, 
and the resulting picture is rather oversimplified. Tho behavior of 
the isolated esophagus is very regular and mechauical, hut when it is 
part of the worm its rhythm and the extent to w^hich its activity 

■ Uedcr fhe ctindStSDOB of the tectiire^ It was to leave ont ft numljer of 

IntereatiDg paints—ftiich as the fuL't that each bacfew'afd eicufyloa to the enrfac*? 
U followed bj n tjwU of viEoraUp water pumping, or the way Ln which tbe eacor- 
gloiis ciia be exploited at low tide aa a hide hod of aerial refliilratlon. Storte of 
thesB poiuta are meatloned In the BUbseqDDaUF adUed footnotea. 
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spreads through tiie body can be controlled to some degree. Tho gen¬ 
eral situation is roughly parallel to that of a vertebrate heart. Tlie 
isolated heart ’will continue to beat and so will little shreds of heart 
musdBj but in tlie body its activity is modi lied by regulating nerves. 
So also with tbe lugwonn esophagus; it has an inherent rhythm which 
can be regulated; but its pattern, being intermittent, is more com¬ 
plicated, and in tliis case the pattern can spread through the body and 
cause periodic movements of the whole animal. 

These facts impressed me, when I fim came acitiSE them, for the 
following reason. When 1 was a young man I was a mechanist, of tlie 
most bone-headed type—believing that behavior was nothing more 
tlian a scries of reflexes. The animal was stimulated by the presence 
of food, or an enemy, or a mate, or by some simple or game need, and 
it performed appropriate deeds. If it ha[ii 5 eiied to be a very intcUigent 
animal—as a man is, or an octopus—it could form conditioned re¬ 
flexes, and then its re 4 :ictions ware more complicated. But always it 
was driven, and its life was patterned, by the itkcidence of stimuli of 
one kind or another. Presumably, as a coroUary, a physiologically 
satisfied animal iu a homogeneous environment would do nothing at 
all j but 1 do not remember that I wotrietl very much abont that. I 
think tliat if one did not know what it was that stimulated a par¬ 
ticular act, one called it a drive. Be that as it may, in the lugworm 
we see something rather different. The characteristic activity pattern 
of the isolated esoplingus is port of its organizatiou—if you like, part 
of its structure. The rhytlimic outbursts begin spontaneously, with¬ 
out any external stimulus or any biological need; they subside without 
any kind of satisfaction; and normally their rhythm plays an im¬ 
portant part in pattennng the life of the worm as a whole,* 

’ 'file of tlie lu^Ur’Drin^fl bcbaTlor on inherent rtaTthm^p instead of on 

filmiile rcapiptiiiefl to Its Immediate neeils D,a they arlac^ bna definite HnrvKal vnloe. 
llie flat bcaolies frequented by these worms ate ottm covert with poddies and 
flbeetfl of water at low tide- On a sunny day tbla water mny be seTeml desrM 
hotter the imrterlyln^ saJid^ aad well abore tlie hJgliest tempemturos wtlcb 
the womiB con tolerate. A sharp trust or » heavy duwtipeur of rain eonld also 
nm^ the surface water hartiif tU to the worms. Normally., the worm drlTes water 
throneli its hnrrfjw to get n supply of oiy£;pEi; If the ffitrface water became 
don^ronsly bot or dilute a reflex hyrerpnoea tn response to oxyKen lack mlglit 
be disastrous; It would be wiser for tbe worai to iir^pend Jtjj activities. When 
placed la a glass tutie under iinfavonible ebeudcal. cohdidonf^ the worm heeomcia 
relatively tnflcttvej bnt under tbe Influenee of its :iO-mliiute rhytluD It roaltefl 
petiCNJk badEwnrd ttlpa toward the top of the tube and generaUy draws a nttle 
water alon^ on these occasions^ ne If testing tbe surface water. We may gocfla 
that when uQfavomble condltlona develop In the fleldn it behaves in tbe aaiue 
way I after the rtsln^ tide bas coveted the burrow aguln and so removed tbe 
dani^r, the fact wUl be detected at the next te&tln? eac^nifsloft, and tbe worm's foil 
aetivlties will then be rosnmed. 



418 ANNIJAL REPORT SMITHBONIAN INBTTnjTION', 

At this point tin obrious question arises. I have spoken of the 
esophagus as a physiological alarm clock. How docs the clock work? 
From irhat kind of cellular mechanisms does its regular intermittent 
pattern arise? The hrst step in trying to find an answer is to pull 
the clock to pieces. If you cut a lug worm esophagus into several bits, 
cutting either lengthways or across, you find that each of Uicm shows 
the chamctcristic alteration of rhythmic activity and rest, from 
which it seems that the pattern is a general property of the esophageal 
wall. The fine structure of the wall was described by Dr. Wliitearj it 
con tains a difiuse network of nerves which may be responsible, but 
imfortunately the anatomical amingcment is not favorable to further 
attempts at identifying the actJvo stmetures. On the purely physio¬ 
logical plane sonte light could perhaps b© tlirowm on the nature of the 
mechanism by varying the temperature arid composition of the sur¬ 
rounding fluid; and I have publislied some experiments along these 
lines in collaboration with Atiss Ledingbam. But tlie essential prob¬ 
lem remains unsolved. The esophagus can be slowed down by increas¬ 
ing the amount of magnesium in the surroimciing fluid, and it may then 
show its outbnrsts of activity at veiy regular intervals of over half an 
Iiotjr, Tlio problem of liow to construct a clock of cannlar dimensions 
that will tick as slowly os this is indeed an intriguing one. It is pra- 
smnably related to nuiny of the problems with which the physiologist is 
coiitomed, such as the exact mechmuBm of the heaidlieat. Under cer¬ 
tain abnormal conditions a heart may beat in inlermittent bursts, and 
its activity pattern is then very like that of mi isolated lugworm 
esophagua Perhaps when our physiologists have published all the 
answers to their problems the resmltg may be applied to mine. 

With that I shall leave tlie Arenicola esophagus and begin to broaden 
the picture, but first a word must be said about one of the experimental 
methods. We are going to consider the results j ou get, if you ob^rve 
the behavior of a polychaete oontinuously for days or weeks on pth? , 
and this may sound a hard thing to ilo, particularly if the worm is 
burrowing, invisible, in sand, or living (as is tbe way of many species) 
in an opaque tube of its own oonstruction. In practice, however, it is 
easy to persuade tlie worms Lo write down on paper what they are 
doing; and poasible (although more difficult) to leurn to read what 
they write. It all depends on the fact that they drive water through 
their tubes in order to get oxygen, and often for other reasons too. 
The method consists of tiueo stages: (o) you set up a simple apparatus 
which traces on slowly moving smoked paper the speed and direction 
of the water currents, so that you can sec how the currents vary with 
time; (4) you find, in many species at least, that certain churacteri^ic 
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patterns appear over and over again on the tracings; (tf) by special 
means (such as iratcliing worms in gksa tubes) you find out what 
particular activities these patterns accompany. This is the most 
Jaborimis stage, and it must iie confessed that one’s knowledge of the 
scnpt of any species is never complete. But even with partial under^ 
standing the method is u^fuL One can set up the apparatus, leave it 
tn run for a very long period of time, and afterward read from the 
tracings what has happened and when. It ia worth emphasizing that 
one’s interference with the worms is mmiiual; they are perfectly free 
to move about In their tubes or burrows, and one only imposes an 
imperceptibly small resistance on their water currents. One finds out, 
in this way, how they behave when they are left alone* 

One of the results of this method is to show that the lugworm is a 
creature of moods. It has several altemadve patterns, any one of 
which it can wHtc on the paper- It may behave as I have already de¬ 
scribed, fcfeding in little hursts and discharging a sand cylinder every 
40 minutes ■ these acta affect the water movements, and gives the record 
a very characteristic appearance. Altamatively^ it may lie still and do 
nothing; or it may trace violent cliootic wiggles that I cannot pretend 
to understand; or it may trace other rhythniic patterns, without feed¬ 
ing, tliat there is no time now to describe. A long-tenn record of its 
behavior always shows these ^mooda,'^ each of them generally persist¬ 
ing for several hours and then passing suddenly into another. The 
patterns can of course be modified by external circumstances; but what 
I have just said is true of worms living, as far as one can judge, in very 
uniform and favorable conditions. It looks os if the Ingwomi’s be¬ 
havior is mainly governed by an elaborate inherent organization, per¬ 
haps even up to the level of the long-term changes of mood. 

The same land of thing ca.n lie seen in other marine worms. Their 
activities are patterned in timcp sometimes with strikingly regular 
rhythms j and in some cases there are alternative rhythms and changes 
of mood. A point that comes out very clearly when the tracings of 
different kinds of worms are compared, is that the more regular pat¬ 
terns are characteristic of the species. There is, for esample, a family 
of worms — the Sahellidan—that live in tubes of their own construc¬ 
tion, spreading their crowns of fcatliered tentacles in the sea water, 
and eating the minute suspended particles which these tentacles en¬ 
trap. Water-current records of two species of this family have al¬ 
ready been publisliedj and I have unpublished material on two more. 
All of tlicm have complicated activity-time patterns, and—although 
tliey all bve in very much the same way—the patterns are in part 
epecific. Each species has its own characteristic kind of wigglOt which 
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il" writes cm the paper; just as each can be distinguished by certain 
anatomical charac teriatics.* 

n 


I turn from the pnlychaetes to a group of animals that has a wider 
appeal and is Tery much in the limelight nowadays—the birds. I am 
going to suggest tliat much of what 1 have said about worms is true 
in principle of birds too. 

At this stage in the argument, I am reminded of a proverb that the 
shrewd old Russian peasants usM to say in tlie days bef ore the revolu¬ 
tion. They Would peck at tlicir fields with primitive tools, as their 
fathers and grandfatlicrs and great-grandfathers had done before 
them; and when one suggttsted that more modern methods might in¬ 
crease productivity, tlicy would shake their heads and say: you 

malte your strides too great, you tear the seat of your pants.” 

The step from worms to birds is a long one. I encoumgo myself 
wjtli the thought that all ammals, however different tliey may ap¬ 
pear, are variationE on a csonnnon theme. It is, of oourse, the aim of 
tlie comparative method to find out how much is variation and how 
much is theme. 

Probably nearly all of us have been imtated at one time or another 
by the meistence with which our feathered songsters repeat their 


‘The "mood thanees" hto etrlklaslj' slio^vn by CkaeinpicrvM 
whlcli has eerend very tjbarflcterlitlc aod deorly contrnsted alternattve ae- 
tlTlty tiatteraa. Tbe statement about tto Saliellldtie la based on pnUltehed rec¬ 
ords Bot from SflicUrj at NnpJes and Saiella patonfna at Plymoutb. 

and nnpnbliflhed ones from Brflacaicwiwo mfcaioiHin at PljmonUi and 
iyislguit at Friday Harbor, Uw latter wttb tba HasSatance of LcBoy 
NydeKser. In Uynioola la/wndfbulani, which la referred on anatamlcal 
sromida to a wijaratc sabtamllj, no water Is driven thrauBh the tube. olthoUBh 

there are at her char ncletistlc activity t^tlcma 
ComparisDn of the two fifabcila species Is InterwHaB. The tubes are found, 
either attached to such aubmefuEd objects ae rocts, pUe* a ad buoySb or with their 
lower enda embedded to the material of the een bottom. The ecological pref¬ 
erence of the two apecicB are not quite the flame; B. »p(inonr«w(f owuts attached 
to submerged objects or embedded la Cbarw sand, while S. paticmhw—though It 
also can occur In these sltaalloiis—is eapeclaJly frajoent In tanddy sand or la 
aiid. The spontnncoiis Irrigntloa patterns of tbs former la voire the propulsloii 
of water In both dlreetlomi In turn, those of the Jotter in a tall ward direction 
only, if 8. paeiMfua draws on Irritating snhatance Into Ita tabe with Its water 
enrrent, n can at once leversa the corrent and thereby Uke rejection actions It 
Ifl therefore capable of reversal though U never revoisea eicept In Tcsiwnsa to 
such oecafijoUBl crises; the nonmil reatrfrtlon of its behavior to tall ward Irrlgn- 
tlon may be correlated with Its habit of colonising muddy situations, elnce a 
headward ounenh in each ritnatloas, would tend to draw In mud and do* the 

tnKn^ ® 


This la only one e3m.mpie of the fact that an Inlier^t actlTlty iiattam 
adaptively isodUl^, Jtist aa on anatomJcal pnttem can. 


can ba 
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songs. To hear tto brilliant little song of a cba^fBncb. simg from a 
branch just outside one’s window aa one hea in bed on a sunny April 
morning, is delightful To hear it again a second time, a few seconds 
later, 5s very well But if the bird repeats the identical song phrase 
over and over again, at cxtmmely regular intervals of about 10 seconds, 
aa it often does at that season—and let ns remember that 10 sec¬ 
onds Is just long enough for one’^ thoughts to get nicely settled eke- 
where-^ne begins to wish that it would stop. 

Such an espericnco impresses upon ua that the singing beharior 
of our common woodland and garfen birds is rhythmically orgimized, 
and can distinguish two levels in this orgHnization- 

First, is tlifi pattern of the individual song phrase. This is highly 
specific. Tho biological function of song is above all to warn off 
other birds of the same sijecies and sex, and to inform tliem that the 
singer has taken possession of tlie surrounding territory, whidi he 
is prepa.ri3d to defend. Evidently, the phrase must be recognizable 
and distinctive of the specle^v There is of course a certain amount of 
variation from individual to Individ uni and from moment to moment 
in any one bird, and in some cases (such as tl^c cliaffinch) there are 
well-marked local dialects. Nevertheless, the songs of any one gi>ecie3 
have enough in common to be readily identifiable ns such, and a bird 
can be known by its song as surely as it con by its plumago. 

To some extent these song phrases are learned from other birds, to 
some extent they arc innate, nie extent to which song has to be 
learned probi^bly varies from species to species, but the innate con¬ 
tribution seems always to be substantial* 

Dr. W. lb Tliorpe has described the songs of chaDiiicbes that were 
hand-reared in soundproof rooms at Cambridge and isolated from 
any contact with experienced birds since the first few days of nestling 
life. When such chaffinches grow up and sing, all the finer details of 
the adult song are lacking; there is, nevertheless, a rough fram&work 
of definite structure on which they could be hung. In bis own words; 

Tlae cinerltnonJa wEth tlio bniid-reaml bErUa aueeest I hat there Is aa Inbom 
liasEfl te tbe but tbnt It 1 e extremelr £enerat!zed. tniifltety tliesc Mnla 
seem able pnodnGe a ^rig of about the normal 1on,stlL, 2-3 aeconde, and 
sbowlog a tendency to crcfiopodo ni!Cotnianied by a fairly Btoafiy fan La mean 
pitch . . . there la a tletLr tendency In euroe birds to coaclude tbe sc^hb with a 
fllmplfi note of A hJ^^ber pU-cli thon the rest. 

Such a framework js, in itself, quite a complicated thing to inherit. 

According to Dr* Sauer, of Freiburg, whitethroats reared in isola¬ 
tion from the egg produce the entire song when the right time comes, 
down to the finest detail. 

The soDond level of organization is the diatrihution of the song 
phrases in time. MsJiy birds, when in singing mood, will shoot off 
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a scriea of little song phrases at extremely regular intervala, often 
of about 10 seconds. The chafliiich is on© of these^ and there are many 
equally familiar examples—tho hedge sparrow, the jellowhammer, the 
willow warbler, the robin, and so on. Even in those birds whose songs 
seem, at first hearing, to consist of long ramblings rather than compact 
phrases, the ntteranoes show a more-or-less regular and characteristic 
punctuation. The spacing of bird song seems to hare received less 
attention than the structure of the individual phrases. Hiere is how¬ 
ever a mine of exact information in E. M. Nicholson’s admirable book, 
“Songs of TrV^iM Birds,” and the regularity of the rhythms which his 
timings reveal, in species after species, is indeed impressive. 

One would expect such timing to be basically innate. Dr. Peter 
Marler tdla me that the chaffinches reared in isolation at Cambridge 
sang at about tbe usual intervals. The rhythms are of course by no 
means Inficiible. A chaffinch will sing at shorter intervals at one 
time than at anodier, and for many months in the year it hardly eings 
at all. Each bird has its preferred time of day, when it sings most 
frequently. In the great tit, as Dr. R. A. Hinde has recently shown, 
the fre([uen <7 of singing may vary from minute to minute. But 
many plainly spontaneous rhythms in ammals can fluctuate and be 
modified according to circumstances—^the heartbeat, for example'— 
and these variations do not exclude the view (which I think is ines¬ 
capable) tiiat^the timing of bird song is based on an inherent, auto¬ 
matic rhythmicity. 

_ essential spontaneity of bird song is beautifully brought out 

in the following passage from Mr. Nicholson’s book: 


A Boo^, tB fart. Dcedti an Immcdlati! stlmnlna to sot It ic motion (sneh oii 
fear, anger, huager or luntatlon) nor rfoes It call for nay apodal roply. A cock 
bird ainy slag better If more cocke are alnglnia; wlthlii earshot, but oa tbe other 
hand, he w^iii ^ on aiiialog for weelra at the dpht aeaaoo wlib no oUier BonsatetB 
within inUea of him mid without a mate. \Vc mj^t even «ay that any hlnj aound 
avoally uttered in responae to a sped lie and Immediate atlumlua 1 b nrobiibly not 

tnicEonjf, 


As Bverybody knows, true song is only one item in a bird’s vocabu¬ 
lary, and most species have a wide repertory of different calls. Some 
ora brief outenes in response to n sudden stimulus—alarm caHs at 
^e approach of a hawk, for example—but many of them are repeated 
for considerable lengths of time in more-or-leas regular rhythms and 
indicate the mood of the bird. Dr. Sauer has illustrated this Very 
teautiful y m the case of tlie whitethroat, and gives many descrip- 
tioos of the I^d not^ and of the manner of transition from on© mood 
to another He tells, for example, l.ow a whitethroat in winter, sitting 

subdued and nearly continuous subsong, may 
suddenly begin to interpolate among the song phrases the notas of 
nnld alarm or m,ld hunger, often accompanied by appropriate move- 
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and Jiow the new mood can be beard to intenaify and then fadu 
away again—for all the world aa if the bird wore dreaming of fear or 
food as it sang. 

There are lists of calls in TVitherbj's “Handbook of British Birds,” 
and the reader can hardly fail to notice a stiong positive correlation 
between the nnmber of different notes assigned to each bird and the 
thoroughness with which that species has been irtvestigated. In “The 
Wmiy” which is net only the name of n bird but also the name of a 
recent important book about it by E. A. Armstrongj tliat author 
enumerates X4 kinds of calls and 6 kinds of song, and he writes that his 
account “is over-simplified and inclndes only the commonest and most 
significant types of utterance.” In the whitethroat, Dr. Saner has 
tabulated 25 different calls and 5 types of song; and he finds that the 
whole of this tremendous vocabulary appears in whitethroats rearc<l 
in isolation, in soundproof rooms, from the egg. In hia own words, 
“A bird lacking all aconstical experience, utters all these sounds in 
exactly the same manner, in the same phases of its life cycle and in 
the same specific moods as birds in the field.” 

Dr. Marlcr tells me that his isolated chaffinches produced all the 
calls perfectly normally, except for a slight peculiarity of one note. 
According to Dr. CoUias, the domestic chick can emit its usual distress 
and pleasure notes even before it hatches. Cool the “pipped” egg and 
you hear loud, protesting cheeps from inside; warm it again, and ihoy 
ore replaced by delighted twitterings* 

I have talked at some length about the vocal hebavior of birds 
because it i3 so easily observed. It is in fact meant to be observed, 
being a method of communication. But birds do other things besides 
emitting noises. They hunt for food, they fly about, they preen them¬ 
selves and scratch, they continually interrupt wh^itever else they aro 
doing to raise their heads and look around for possible dimger. May 
it not be that the patterning of these activities is largely based, as the 
vocal behavior so dearly is, on complicated inherent rhythms t 

It is not easy to get clear evidence on this question. One would 
expect on affirmative answer, for the following re&son : the various 
notes are often accompanied by characteristic movements of the bird; 
and in many coses, what is characteristic is not so much a particular 
posture as a particular sequence of events which appear in other con¬ 
texts—for example, an alternate rablug and lowering of the head 
feathers, or a moving of the body from side to side. Voice and move¬ 
ment are intimately entangled, and it would be stninge indeed if the 
type of organization tliat is shown by vocal behavior were strictly 
limi ted to that one activity. There are, in fact, several publi^shed 
descriptions of what appear to be inheirent rhythms in non vocal 
perf oimances* Let us consider three examples. 


—bt —-is 
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Dr, Hinde hns recently described fiuetuatioiis in the frequency of 
variouB actiTities, of various birds, and he remsirkst “It iscbaracter- 
istic of instinctive activities that they do not occur regularly hut in 
complex patterns of hut^ts.” Nest-bniJding In the great tit* for 
exaToplo “occurs not Jei more^or-less evenly spaced visits, but in rather 
irregular bin^ of visits with occasion^ visits between/^ Of out¬ 
standing interest are his observations on the food-begging calls of 
Juvenile blue tits, which are accompanied by particul^ jnovementa 
and attitudes* The bii^ds were fed to capacity and then observed for 
more than half an hour ivs they gmdtially became hungry ag ain. 

The record ahows that the cdme In bnrAta^ liicreasE}d Imus&r rainlta 

not In fl griidujiL Incffif^se in the mte of callings, hut In an increased frequency of 
hiii’ETtfl And an Iticrense In the leuBth of bin^ta . . . The tibservatlonH of begging 
, . . were made tinder cuftiToUed conditions which were very nearly constant 
throughoiiE eacli ori^etlmcnt It la thun certoln that the flactnatlcmfl do not 
depend on enylronincntiil iJiangea^ 

The next two crumples aro of rather longer cycles* Xearly SO years 
flffo, Professor Curt Richter describwl the behavior of a pigeon in a 
cage ■which automatically recorded its movements. Every 20 minutes 
or so, tilt bird left its perch, hopped around on (Jic floor for a few 
minutes, and then returned to the perch again. If com "was available, 
the bird ate every time it jumped down, bitt the very regular rhythm 
persisted in the absence of food. The outbursts of rej)tle^ess ap¬ 
parently coincide with outbursts of contraction in the emptying crop j 
and the crop may in fact play a part comparable to that of tho 
esophagus of and set the rhythm of the whole perfonTiance. 

More recently Dr, Whifehouse and Mr, Armstrong, using an auto¬ 
matic recordJug device, studied how a wren divided her time between 
sitting on her eggs and other activities. Her day consisted of “ses¬ 
sions” and “recesses,” The lower the temperature, the more time she 
spent on hw eggs, as one might aspect j but the sum of a scaaion and 
Lho foUtmng recess was not afFccted, The two togetlier occopied a 
time which fell steadily during the day (t|uite irrespective of tem¬ 
perature) from about I? to 2i miniiteaj cold weather simply length¬ 
ened the sessions and corrtapondingly shortened the recesses. This 
looks like a clear cose of an inherent rhytlim with environments] tem¬ 
perature playing a secondaiy*, modifying role. Every minutes or 
BO, some kind of “physiological alarm clock” goes off inside tlie wwn, 
and she gets off her eggs; the colder it is, the sooner she comes back. 
Later in the season, when she is feeding her young, another rhythm 
appMrs; the frequency with ■which sl^e viaita the nest shows a well- 
marked peak every four or five hours, 

Tlie demoustration of those slow cycles would hardly have been pos- 
sj e without the use of tba aiitoDmtic recortlin^ devices, which wrote 
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on moving pap^r whenever the pigeon hopped on the floor of its cage, 
or the wren pulsed through the opening of her nest- Most bird ae- 
tivilicg would be difficnlt to roister in this way. Tliere are, however, 
plenty of hints to be found in the iiteratuFe tliat inherent rhythms of 
quite long period ate wide^read in birds. Among the beautiful de¬ 
scriptions of the herring gulFs behavior in Dt. TinbergBn'a ^The 
Herring GuH’s World” there are several—such as the way in which an 
incubating bird will get np, as he aiys “spontaneously,-^ at intervals 
of one or more hours, shift the eggs a liKle with its bill, and then sib 
down again. 

These facts and hints encxjurage us to believe that a large part of a 
blrd^s helmvior springs from within—^not only in refles response to 
physiological urgencies, but also in obedience to timing mechanisms 
that are eseentially arbitrary. As in a polychaelie worm, an activity 
niay begin without an immediate need and subside without any satis¬ 
faction. This arbitriirincss is evident in the debiilcd structure of the 
song. The song phrase, if it is to fulfill its biological purpose, tuust 
be audible to other birds, it must be sufficiently directionHl to inform 
them where the singer is located, and it must be distinct enough from 
that of other speciea (and perhaps of other individuals) to identify 
him. Beyond these requirements there is no reason why it should have 
one pattern rather than anotlierj the great variety of songs that de¬ 
light and sometimes irritate us in spring is loj'gely the expression of a 
variety of types of innate organizatioiL If we turn our attention to 
tlie other notes aud calls, we can hear that an individual bird is 
equipped with a repertoire of alternative rhythmic puttems that 
modulate or replace each other as its mood cliangcs. All of this is 
pretty obvious; the role of the more elowly moving rhythms is less so; 
and to myself, at least, it ia an exciting idea that chajigas of activity 
or moodf ocenrring at intervals even of several hoin’^i^, may often be 
dnn bo the action of arbitrary intemitl ‘^clocks.It may be that the 
further investigation of this osspect of behavior, by the continuous 
study over long periods of the way in whidi a bird’s various acts are 
distributed in time, might help very materially to bridge the gulf be¬ 
tween the province of the field observer on the ono hand and that of 
the phy&iologiat on the other. 

Perhaps the average bird watcher is too much Lucllned to suppose 
that every act a bird i>erforms is biologically useful in itself, IIiem 
are, of course, a number of things the bird must do—eating, breeding, 
and so on; but on the other hand, like any living aninml, it in a 
state of organJj^ed instability^ and can never be completely at rest or 
even completely steady. A motionless bird, sleeping, for example, 
while parched on a twig, breathes and stays upright—the latter per¬ 
formance invobdng feats of equilibration which are no less consider- 
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able for being apparently effortless^^and for most of its time the 
bird does much more than thah It is so made that it must always 
do something, eren if it haa nothing special to do, and quite a lot of 
its beharior may be simply hlling in time between one functionally 
directed act and the next. The unceasing flow of energy must be 
patterned and organized; not every element In the dmign need in itself 
be utilitarian. 

I venture the opinion that we should diagrammatise the driving 
forces behind animal behavior, not so much in terms of the familiar 
tank in which water collects at ever-increasing pn^ure nnti] it escapes 
through a spring-guarded outlet, na of a complicated system that can 
never rest but has to oscillato in one or another of a number of pre- 
determined alternative rhytlims. This apprOEich might help our 
understanding of many phenomena, such as the appearance of “dis¬ 
placement activities’* when a stmlglilforward course of action is 
checked for one reason or another. It would indeed be surprising if 
the thwarted animal did absolutely nothing at all. 

in 

What we have learned from worms and birds is true of many other 
IdndB of organisms too. More and more instances are appearing in 
the literature of tbe importance of inherent rhythms in beliavior. 
The rliythms vary greatly in tempo and compleiity. The organisms 
in which they have been demonstrated include sea anemones, bivalves, 
insects, sea squirts, sticklebacks, rats, and medical etudente—to men¬ 
tion only a few. The work on mammals is mainly concerned with 
long-period rhythms, correlated, for example, with the hunger con¬ 
tractions of the stomach or with oestri^B; shorter rhythms would be 
harder to record automatically, and it ia worth remembering that 
mammals have characteristic voice rhythms as have birds. So, of 
course, have many other animals, such as frogs and Ashes, gr^ 
hoppers and cicadas. T thought it better in tlds lecture not to attempt 
a catalog of examples, but to make my point by concentrating on two 
contrasted groups. They are certainly not exceptional in basing their 
beltavior to a largo extent on inherent and often arbitrary timing 
mechanisms 

And now a word in praise of worms. Por obvious reasons, spon¬ 
taneous behavior ia moet easily studied in imimals that live under 
sheltered and uniform conditions. The sense organs of ray worms are 
comparatively simple, and their way of living in burrows or tubes re¬ 
stricts the n^ber of disturbing stimuli wliich impinge on tJiem from 
without. Moreover, their activities are easy to record by the water- 
cumnt me^od, and they often show surprisingly normal behavior 
pattoms after drastic surgical operations—decapitation for es- 
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Ample f" this fflcilitet€a a physiological approach, Ko doubt there are 
plenty of other sulijccta ut least as favorable to be found among the 
invertebrates* The situation is vastly more complicated in a bird or a 
mammal. Its activities are harder to record, its body is leas amenable 
to operation, and because of its restless Iwbiis and highly developed 
sense organs its behavior is interfeml vritli by the onviroiiment more 
continually and in more varied ways tliaii is that of a worm. Much of 
tlxB underlying inherent structure of its behavior can be seen, but the 
experimental investigation of the tinujig mechanisms would be verv 
difficult. 

I cannot resist the temptation of adding a wild little fantasy about 
communicatjon* 

If you lie in a deck chair in your garden with your eyes shut and 
listen to a bird—and if you know your bird ns well ns Dr. Sauer 
knows his whitethroat—you can tell what is passing through its mind 
from, its calls and from variations in the timing aaid atructura of its 
Bcmg, and you can sec in your own mind’s eye nearly enjrything it does. 
Similarlyj if you make a worm write its water currents on paper, and 
if you know your worm, you can toll from thepatteraa it traces what 
it is doing at any time. Tlie two have tliia in coaunou; in each case 
you study one aspect only of the animal’s activities, but in each cose 
the Ijohavior of the animal is so ciosely integrated that nearly eveiy- 
thing it does Is reHocted iii tliat one. Tlicy differ in this: ihe voice 
of the bird is o method of communication; aJiother bird can hear what 
the hrst one says. The usual ofTect of bird comtiiimicatioit is to bring 
both into tlio SEime mood. Such mocids as rostlBasnoss, alarm, or lazy 
contentmeid can spread by this means thi-oiigl] a flock of birds so that 
all are in the saine condition and prepared to act in tlie Eume way— 
this has been described by ProfesBor Doroiu in jackdaws arid geese, by 
Dr. Tinbergen in gnUs, by Dr. Hinde in gnait tits, and by many 
others too. But take your bird and isolate it in a eoundproof room 
and it stiil continues to call and sing. The parallel with the worm is 
now very close indeed, for in both cases you get the perfortuanco of 
intricate spontaneous rhytlims, and in both you get changes of mood. 
Perhaps it is only 9iJ percent fantastic to say tliat the worm, though it 
is a dimb animal and has not yet invented a way of conmiunicating 

* lobelia £«ELcrill]j whips Its head Mek Into lU) tabe Jit tis Dpproak'h of a Jipeda- 
tr.fcr, HiHrli ai a flail: bat k fuilia to do fist eDfiiigbp and lo&eg itut 

only its litttcl hut also Bcveml EGsmonLa frum ^oni esd of tho body. It than 
KTows ft new bend^ wMeU ^tuii be difitLo^Islit^ hj mipcpr jmfttofoltftl iJmmct£ra 
from tbo old, aod Frofesaor N. J. BorrlU Ima "In mature it wndJ 

mem tbat about half tin? Sabella ihtpulotioa slirfcm such nmtUatipn at ooe time 
Or another/' 1 foand thiit the Dormal aetivky-time pAttema (as raiflBEered by 
the water Garr&DtE.} are hardly aJtaretl, If fit all hj the lo^ of the tmnt efil 
of the body* 
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\nth its fellowB, is talking to itself. One cannot help wonderiiig what 
wouli] hnppen if one could work some kind of magic spell and enable 
the lugworm to detect the water curreots of its neighbors. It is not 
conceiTable that the worms wonid resonate, as it were, to the same 
pattern—that moods would spread across a Ingworm beach, just as 
they do through a dock of jackdaws? The mechanical etTect on the 
beach of ^nebronizing the elforta of all these hundreds of thousands 
of little diggers might be formidable, hut it would lead me too far 
astray to pursue that line of thought. 

I have already wandered quite far enough since my lecture began— 
from worms to birdft, from fact to the wildest speonlation. On such 
an occasion as this the speaker maj be allowed to relas that caution 
which noi-mally diumctorizes a scientific address, and I hawe taken 
the opportunity to miike what is really a declaration of faith. I be¬ 
lieve that die iimate morphology of animal behavior is of far wider 
importance than is generally realized—or, at least, generally stated— 
for the principles of what I have said are already familiar furniture in 
the minds of many of my hearers. 

The zoologist is always concerned with organization. At whatever 
level he Htudies his animals, he finds intricate and fascinating pat¬ 
terns—in their gross anatomy, in their histology, even in their molecu¬ 
lar structure. He learns also tliat the living body is in a ^ate of csease^ 
less change—moving, growing, ujetaboliziug, wearing out, attempting 
to repair itself. The cessation of these processes is deaUi j life is their 
control; and just as the living animal patterns the molecules that con¬ 
stitute its body into a characteristic anatomy os exactly SiS the sosaults 
and rKtraints of the environment will allow, it patterns the events 
that constitute its behavior. It orga nizes itsel f elaborately and bennti- 
fully—more so, I think, than has yet been revealed to us—not only in 
spaee but also in tlnic. 


notes on the UTERATUEE 

The first port of tins lectura is based on tho following orlginai 
papers: 

EcedlEg cycle: G. F. WcOji, Jquitl Eij^ BloL, vol. 14, jx 117, 1&3T. Defecation 
cyde X G. F. TrpllHp Jonnj. :&Tar. EJol, Abboc. U. K, toI SS, pp. 447, 455 

Sr«,p. S«. BIoI, vol. 4, p. VA-. lam AUdmonni 
Uetalla. G. P. tS cUs nad H B. .ilbreelit, Joura. Ejch b1oJ„ toL 28, n. 41 lUEL 
G. P. Walla Joom Mar. Biol. A«s«. U. K., voL 32. p. Ct, 1B53| Quart. 
Joarn. Mkr* Scl., Tol an, p, 251, ^ 

Q'Wrt Jouni. MkT. SOL, TOI. 

•" batlUaa meditun dd the eflophflffua: fl, p. Wella and I, O. 
Bedlcgluin, Jomn. Bip, BloL, rol, it, pp, 33", 353. 1040; toJ. tO, p. ITfl, 1042, 
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Gh P. WgUj and B- P. Dale^, Joorc. Mar* BJoL U, K, v^L 29, p, CCl^ 

G. P. Wella, Prcxr. Boy. Hoc., B, voL m, p. 278. ; voL HO^ p, 70,1052. 

I am bj BO nieaiia ejcpert on the other groups menticnod. The fol¬ 
lowing referencea aro to works that I happen to have encountered and 
enjoyed. I liave deliberately avoided the complicated question of 
inlierent rhythms synchronized with the tidal, dium&l, lunar, or 
annual cycles, on which there is an ononnDiis literature, 

Bim 3B 

Hf, M. NIcholEon, Soaga of wUU birds (1633)* witli a chapter by Lodwig Ko^K. 
TMa WDfl wnU a “leatner^B set” of gramopbone rworOe, Tber^J 

bare been sabeeqEiient Issues of blrd-snng records; In my optnloap tbe fleet 
Is Btm tbe h9st bocaose of tbe ext'eUeore of tbe book. 

Nik* Tiabergei*, Tbo berribg giitrs world (1953). 

A. E3. AjULstro-ngj Tbe wreo (1955), 

Kiinrad EurenZt Er B&Jete mil de*i Vleh, den Ytiegeln and den Ffsebea (194S), 
Translated as Kln^ iSolomon's Hlng (1652). Jaekdawa la both. verslDnE; 
ireeee In tbo German only. 

SoDg-learntDg in ebafflnebos: W, H. Tborpe^ Nature (Londoo), vol. 1T3, p 
m, 1954. 

W'bltetbroata: F. Eaocr, Zeltscibr* Tlerpaycbol., vdL 11, p, 10, 19ri4^ 

Great tits: R, A. Minde. Belmviucr. flappL No. 2. 13>52* tol. &, p lOL 16S3. 

DcitnesUc fowi! N. EL Aut* vel. C9. p 127, 1052. N. E. CoUJas and M. 

Joob; Bebavloorp tdL 5, p. 175, 195 Sh 
QTltEK A^lbubb 

Ben aaemonefl; E. J* Batbam and C, F, A. Pantia, ^oorm Exp. Bi*Lp vel. 27, 
It 290, IOoOl C. E'- a. Pantiit, Symp- See, Eip. Blol.^ voL 4 p. US, IOSOl 

Sea sqoirts; Grobam Hoyle* Joara* Mar. BLoL As&Oc. U. E., ?oL 31, p B41i 
1053. 

Fresb-water nmBacls: G. E. Barnes^ Joum. Ibip. EIol., voL 32, p. 15S, 1955. 

Cicadas: J. W, S. Prlngli^ Juutil Exp, BloL, toL 51, p. 525, 1954. 

Neels; H. Spnrway and J. B. S. Haldane, Behaviour, vot 6, p. 8, 1055. 

Manimala (including medlcoj atpdents); a1^ SilgwnB: Curt Bicbter, Qnnrt. 
Bev. BioLp ¥ 0 l. 2, p. 307.1027. 

GebuBlAI 

Revlear af blolnglcal rbythma: Natbanl^l Elcltmun, PhysloL Kev., voL 29, 
No. 1. 1949. 

The foaetb volnme in tbe series Symposia of the Society for Experimental 
Biology (19^) Is an interesting nad atUl useful collection of dlTeteiit aii- 
[uroacbes to tbn mcchaniBnis of animal behavior. 
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Rivers in the Sea' 


By F. G. Wanton Smith 

presttfeni and S^cr^lsry 
TAff OctOflfiSr^hic Foimdalian 


[WItb n 

The passengeb aboard ^ip, out of sight of land, ac€a only the mo¬ 
tion of his vessel through the water. Tliere is nothing Tisiblo about 
the sen surface to show whetlier the water itself is moving, either as a 
favorable current, helping the ehip’s progressj or, as an advert cur- 
rentj retarding it Yet currems do exist in the open sea, of sucli power 
as to make a substantinl difference to the daily distance made good by 
tlie ship und so he important to tho mariner oa a factor in fuel econ¬ 
omy well OB iu his naTigetionol estimates. It is important, then, to 
measure the speed of the^ rivers in the aea and to know how they 
vary from season to season, day to day, and even hour to hour* Tlie 
ways of doing tliis nr© Burprisingly varied and involve gome of the 
most ingemous ideas and devices in the science of oceanography. 

IMPORTANCE OF CUERENTS 

There are other ways in which ocean currents ar© importaut. Near 
the Equator the snrftice of the sea giilns heat from the sun^ ’whereng 
there is a heat loss at the Poles. The action of such cnrreTits oa the 
Gulf Stream, carrying warm water poleward, has a profound effect 
upon climate and weather. The distributsori of fishes is dependent 
upon sea-water temperatunO] and i^ thus both directly and indir^tly 
related to ocean curreuta. Currents not only carry food m tlio form 
of microscopic sea life or plankton but also help to distribute the fer¬ 
tilizer materials upon whidi they grow. There tire numerous other 
probli:^ both of scientific and practical importance which mvolv© a 
knowledge of the pattern in water movement in the eca, and today 
there is tlie moot recent one of disposing of radioactive wastes at the 
bottom of ocean deeps* This requires a knowledge of how long it 

■‘Reprints bj pennlss^rju from BuUrtia of the Intern-ntional OceiDOfn^lOilr 
inundation, vol. 2; No. 2. Inly ie50. 
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■would talce for deep bottom water at any givrin place to reach the sur¬ 
face- If the time ig great enough, much of tlic radioaetmty might be 
lost, otherwise it would become a hazard. 

GL\NT EDDIES 

Tlie major curreut^s of the world, with some e^ceptiouE, run a^ part 
of a continuous circulation, completing a clockwise circuit iti the 
northern oceans and a oounterclockwise one in the southern oceans- In 
general^ thft current flowing toward the Pole on the western side of 
the ocean tends to be comparatively narrow and wheims the cor- 
iresponding current on the east, flowing toward the Hcjuator, tends to 
be wide and slow. Thus tlio Gulf Stream, a flow of between 25 and 50 
million tone of water per second, is concentrated into a fairly narrow 
stream in its most westerly part, and has a maximum velocity of over 
six knots at times. Having crossed the Atlantic Occati, the stream 
veers south again, off the coast of Africa^ to complete the circuit. 
Here, as tlie Canaries Current, its flow is very slow and is spread over 
a wide area. The counterpart of the Gulf Stnsiun in the Xorth Pacific 
is the Japanese Current^ the Kuroshio, and in the Indian Ocean tliere 
is the strong Agulhas stream flowing south, off the coast of cast 
Africa. 

There are, of course, many other currents besides those which form 
the major circulations of each ocean. Some are tidal, others due to 
seasonal windsi, to unequal heating of the water, ur indirectly caused 
hy winds which pile the water up against the coast, thereby bringing 
about a longshore current parallel to the coastline. And here it may 
be said that, as a rule, the currents caused by winds do not flow in the 
direction of the wind, but at an angle to it, with a right-hond twist in 
the Northern Hemisphere, left-hand in the Southern Hemisphere. 
Thug the trade wind of the sonthem North Atliintic blows from Gie 
northeast in a southwesterly direction toward the Equator hut the 
north equatorial current which it diives ucro^ the Atlantic moves to 
the right of the w*>nd, in a w-^terly direction toward the Windward 
Islands. 

Altliough, for the most part, the ocean circulations of the two hemis¬ 
pheres do not directly intermingle:, there is a current which brttnehea 
off from the South Equatorial Current, flows across the Equator and 
joins the westerly movement into tlie Canbbeaii. This transports 
something like ais milUon tons of water a second across the Equator. 
Tliere is no compensating surface curreht in the opposite direction, 
and the North Atlantic and Polar Sea have no other outlet. Ob¬ 
viously there muEt be an aocoimting for this net gain of surface water 
by the North Atlantic, and equally obviously there must bo a compen¬ 
sating return movement somewhere. Sinca it does not take place at 
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the surface there is, as tnight be expectefl, ^ flow of water deep below 
the surface^ to the south. A number of compensating flows of deep 
water are found in all of the major oceans and they, in turn, are linked 
to vertical niovomenta, the transfer of water back and forth between 
the surface and the deeper layers. 

SINKING WATER 

Tlie net gain of surface water to the North Atlantic is balanced by 
water whidi leaves the surface and sinks below in areas between 
Greenland and Iceland, in the Tjubrador Sea, and to the west of whoro 
the Mediterranean communicates with the Atlantic, Each of these 
thrt* downward movements removes from the surface about one’third 
of what the Southern Equatorial Current brings to the North Atlantic. 
ThE>re are reasons for these vertical movements, based upon unequal 
hcfliting and cooling of sea water and upon evaporation and ramfail. 
The hotter sea water becomes, the lighter it ia, so that it tends to rise 
to the surface, llie cooling of water has the reverse effect and 
gives it a tendency to sink, Evaporation of sea water at the surface, 
due to winds and the heat of the sun, makos it saltier and heavier. 
The addition of fresh water by heavy rains has the effect of reducing 
the salinity and so causing surface water to become lighter, 

SIX .HELLION TONS PER SECOND 

The surface of the Meditarraneoji Sea loses more fresh water by 
evaporation than it gains from river discharge and rainfab and there¬ 
fore becomes heavier than the water in the adjacent Atlantic^ The 
result is that in the Straits of Gibraltar there is a 2-knot inflow of 
lighter surface water from tho Atlantic to the Mediterranean, and this 
is compensated for by a deep sub^surface flow of the heavier Mediter¬ 
ranean water into the Atlantic. This continues to sink and joins the 
deep south-flowing stream on its way to erosg the Equator. A similar 
amount of surface water joins the deep southward flow by Einking 
off Greenland and in the Labrador Seit at places where the cold Arctic 
water, meeting warmer, but saltier Atlantic waters, especially in 
winter, cools the latter by mixing until the surface waters become 
heavier than those below. The North Atlantic loses in this way a total 
of 6 million tons of surface water a second, but this amount returns 
to the Surface in the South Atlantic, owing to other forces, where 
it exactly replaces the million tons of water ivhich originally 
crossed the :^uator to enter the North Atlantic circulation. 

SOURCES OF FEanLKER 

Tliere is another type of vertical movement in the sea. Wlieu winds 
or other causes bring about a divergence of eurrents, water wDl w'ell 
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up from below to JiU tbe void. Similarly, when i:UJTejit3 meet or 
converge, there is a net dieplacement of water in s downwaixl direc¬ 
tion, Winds blowing away from a coast may have most important 
effects since the water displaced offshore must be replaced from 
below* The lower layers of water are often better Euppiied wiUi 
natural fertilizer than those at the surface so that upwellings of water 
are apt to be more productive of sea life, includmg commercial Jishes. 
The west coast of Africa is a good example of such a situation. The 
reverse case, when water is piled np along the shore, may result in 
a sinking surface water which is replaced by less fertile surface water 
from offsliore* 

MEASURING CURRENTS 

How is it possible to measure the rate of these varions corrents and 
to estimate the volume of water traiiaporl ed ? There is a wide variety 
of methods available to oceanographers, sonm simple and some more 
complicated, but the simplest are those that are based ujxm the meas¬ 
urement of a drifting object, For instance, a line might be let down 
to the bottom with a ivdght for anchor and the ship allowed to drift, 
witJiout power or saib Tlie rate at which the lino is dragged out 
would provide an approximate measure of the ship^s movement due 
to the current. When Columbus, halfway acro^ the Atlantic on his 
first voyage, tried to sound fur bottom he failed to find it, but the 
angle at which his leadline ran out from the becalmed ship gave clear 
inieation that the ship was moving westward with the surface water 
layer while the weighted end of the line was in a deet>cr, relatively 
motionlc^ layer. Today a ship may be moored to an ice flow and the 
current speed meflaured in a sunilar way by dropping a weighted 
line to the bottom anil measuring the: si>e6il at which it has to be 
run out as the ship moves within the ice and current* 

CURRENTS FROM SEIP^ LOGS 

A great deal of information about currents has been obtained from 
the navigational records of ship^ filed with the U. S, Xavy Hydro- 
graphic Office, From this information tlie monthly averages of cur¬ 
rents are djarted. Using the known speed of the sliip through the 
water a navigator is able to calculate what his poatiou sliould be at 
the end of any given period of time, assuming that tio cuireiits are 
diverting the ship. At the end of tliis time he finds hi^ actual position 
or fix by taking bearings of a statiomiry light or hy observations of 
heavenly bodies. The difference between the predicted position and 
the actual position gives the direction and speed of the currents 
Today, there arc more and more reliable metlioda of fixing a shipa 
position, even with an overcast sky^ owing to the Invention of Loran^ 
radar, and radio direction finding. Even 9o, this method wlQ only 
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^T 0 tJifl avaragc cnmDt speed over a more or less oitended distance 
and gives no rafornmtion about the actual speed of current at any one 
point or about its variations. 

MEASURING TEE SHIP'S SPEED 

The speed of a ship is measared in a number of ways. The patent 
log, a propeller towed behind the vessel, clear of its wake, is attached 
by a cord to an instrument that records on dials the distance traversed. 
Another device, the pitot log, measures tho prcasure differences in tubes 
projecting from the ship's hnll, and records this as speed, much as 
the air-speed indicator of a plane. The Kenyon log measures speed 
by the deflection of a blade projecting from the hull into the water. 
And the speed of revolution of the ship’s engines and propcllera may 
be used to judge her speed through the water when properly calibrated 
for various conditions. Most of these methods are designed for meas¬ 
uring the comparatively high speeds of ships through the water and 
are not accurate when used to measure the slower drift of ocean cur^ 
rents past the hull of an anchored vessel. Special instroments have 
therefore been designed for use from anchored vessels in order to 
measure currents, both at the surface and at various depths Iwlow. 
Liglitships thus become of especial value to the occanpgrapher inter¬ 
ested in currents at sea. 

FLOWMETERS 

Flowmeters used from stationary vessels or buoys are frequently 
driven by mentis of a propeller or by a set of cups similar to those of 
a wind gauge. These are set in motion by the water passing by. Their 
speed of rotation is proportional to the current, and they are st\ ar¬ 
ranged as to register the umnber of revolutions on a dial. The Ekmon 
type of meter, which has been used most frequently, also bos on in¬ 
genious arrangement for showing the changing direction of the cur¬ 
rent. The propeller is geared so as to rotate a horizontal disk con¬ 
taining a single hole of the exact size to allow a small shot to pass 
through from a shot reservoir abovo it. Every 3S revolutions of the 
propeller the hole arrives in position and the shot drops througli the 
disk. Beneath the hole in the disk is a pivoted magnet carrying a 
channel along which the shot rolls. Beneath the magnet is a box with 
86 radially arranged compartments, each corresponding to a Ifl-degree 
sector of the compass. Tho whole instrument is suspended so that 
vertical fins will keep it alined with the direction of the current. Thus, 
each time a stiot drops, tiie compartment to which the magnet directs 
it indicates the direction of the current. 

Current meters of the Ekman type may be suspended at intervals 
on a long cable and in this way measurements may be made at various 
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depths from the sorfaca to the bottouru Special weights sent down the 
cable will release trigger devices so as to start and stop the nietery at 
precise time^ after lowering the cable and before hauling it back to 
the surface. Variations of this type of meter ore also designed so as 
to make mechanical records, or to record current Telocity and direc¬ 
tion on the deck of the ship by electtieal means. 

Among the ingenious devices applied to current meters are those 
designed to keep the recording or electrical parts in a waterproof 
housing. One type of meter, designed to operate for long iJerioiiB 
without attention, ha& the propeller outside of the niain iziEtiiunent. 
Instead of a $haft entering the iostminent through a watertight seal, 
the propeller carries a magnet. As this rotates it actuates the record¬ 
ing mechauiflni within the watertight shell, so that no shaft need pene¬ 
trate and the problem of a seal resistant to the high pressures of deep 
water is ddetracked. Some instruments of this type are designed so 
that at regular intervals of time part of a strip of photographic film 
is exposed, while a light illuminates the dials showing the time and 
the velocity and direction of current. In an instrument developer] 
at Miami which can be left unattended on the bottom of bays and 
estuaries, the pliotogniphic record also mcludcB the salinity of the ^a 
water measured by its density, and the tidal depth of the water. 

Thoro are simpler devices that teh the speed of currents at the sur¬ 
face only. These depend usually upon the drag of a float upon a 
pendulum or cable, which is pulled at an angle from the vertical ac¬ 
cording to the speed of flow, For measuring curi^nt at various depths 
the more complicated meters are needed. Even hero tlie proldem 
arises of the bacic-and-forth motions of the vessel as it ridea to its 
anchor, esiieclaUy in deep water. Fortunately, the motion of the drip 
is rhythmical in nature and can be subtracted from the meter records 
by careful analysis. 

DRIFT BOmiiS AND FLOATS 

"When measurements are needed over a wide area, anchored ships 
do not offer a practical solution and, instead, ttsa is made of drifting 
bottles or floats. The aimplesl; observation of this kind must have been 
the diflcovery of tropical woods or fruits on Eurtj|>ean shores, which 
indicated that currents reaching northern Europe must have origi¬ 
nated in the Tropica and to the west. Perhaps this influenced the 
Norse explorations long before the time of Columbus. Today various 
tyjjes of floate are set free upon the water so Uiat when recovered 
they may indicate something of tlie nature of the currents that carried 
them. Glass bottles wifh addro^d posteards and directions for filling 
out details of time and place of recapture have long been used. Some 
types of bottleis are weighted and have a wire treilor below so that 
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they will drift just dear of bottom obstructions and be carried by 
bottom currents. 


RED TIDE 

Thlfl iB Ddfi af MTfiral hUndr^ carda rrfpaied the W<at Coast of 

tliB Bt'o-df of currenti In i^oaiijMrtiQa with tho Jited rSfjfc In 

KCcnrataWoniLBtleD And wtornlnj tlK p*atai|p-fn!fl cmrd will be ftvatlj aiKpreclated, 
Add will tie TBit btneflcLfll to yod ftod Jonr delflilHjTS^ 

Date and Time [hdnd-.r,----— -—- 

Where found.,--—— -— —---- 


(Naina of BeHchn Rer^ iPl*™ oa atiare, ne*r what tiiJi QT othar promlla-mt refe^e^^ie 
polnL Oit, If Rt seA axact lAlltada Add looERuafp) 

Piftina and Addreoa Of Finder ---—^---- 


The hftclE of A prepaid poaUll card need In drift bottles aod ta tdliaCllai envelopes 
for inTeatlEhtiiifi ctiftents In their relntlon to Red Tide 


DMFT CARDS 


An interesting variation in the use of drifting floats is the drift cardt 
which consists of the ueual information postal card enclosed In a 
transparent pliofilm enTeiopo so that it floata. During inYestigations 
of the Florida Eed Tide, The Marine Laboratory of the University 
of Miami used thousands of these cards. They were distributed from 
a fleet of private motorboats in such a way that very large areas of 
water wore covered, nnd when picked up by the ^ine fleet some 
daya later an unusually detailed picturo of the complicated ^stam of 
currents and eddies off tbo west coast of Florida was obtained. 

The interpretation of float records is full of difficulties, ^C6 any 
one bottle^ card, or float can only tell the beginning and end of its 
couTEc and the time taken. It does not show whether the course waa 
direct or indirect. An example of this was given by Dr* Tatt in his 
study of the North Sea currenta in leladon to fisheries. Bottles 
released at one place were picked up near the coast of Jutland at 
various times. The times taken for them to reach the place where 
they were picked up were in multiples of £0 days. The explanation 
was that there is a big eddy off the Jutland coast and that the circula¬ 
tion time of the eddy is about 20 days. Some bottles completed the 
course once, but othm wm around twice or even more before being 
picked up. 

RADIO FLOATS 

As electronic devices lire being applied more and. more to oceanCJ- 
gntphic problems and iiisEniments today^ it is not surprising to find 
the drift buoy or float undergoing its own kind of evolution* Floating 
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PLATE 1 



Cke[iii_ cuFiv-nta arr impulfliU fur mtkwy r-eanMiH. Ont cif llii^c Ik ihe din rihuLbn K’lSl [k-m m sialinity, an dr hr fcrtiiizcr iJifta 
dimolvt'd in *c:i wiiicr wbich f^lay a lai’trc |iarl in dPEcnniriiJia llic f^nility of any ruin isf tht nrrflri- Thr itl»itrEiir.m ihowi 
liirjTC Ibcitl Lif birdB ftwJilip ujian a prvilL mnn'iU ratiurt of liah in I he ica olf Iciulquc, ClilEe, wherr the pN'ni eitrrenr utid vein Seal 
mnvementfi of water accolhii: in pan fnr HiuiHual FertEMty nf fhe bce. 
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PluATE ^ 



Curittui ire mTaflun-d dtrcrtly by mran^ of fifwciaS^y ilrii^iicwct racterB^ limllar iil prin¬ 
ciple [u wiitd rerordei^. vk'hkh am luwered on crtbici tn the retjuired depth. Th^ fina 
erjEure that the prapeHcp wfiieh il tumcd by ibc currcru iftcet loward iL. 
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PLJ^TE a 



Tiik ii in 1 EiaIrurni?nt wlitcK ttmp<?rflLurc and clcctriciil mndiictiviTy nf bcji water ajid the dejith in Vrliids iJie 

iTiBtruiiietit a wufkin^r 'ilie jircjsHurf, repUTance^ and irmpcraturc c'l'iriKni H ai ilie iKiltotn □! the illuptratism are cndoBcd 
ill ihe (ihort tflrf^olikc haufiiij; at the ri^jhl and rnwed at Varj'iJi^ dcpthi hdiiltd the VrtBt^h *\n etectnr eabk'a^nnecti 
the elcmcfitJ to l!lC mejiftunni^ and rcenrdinit inHCflimenT in thi dccklsnuse, where eIhe InlDrlrillhin appearfl mb Iieleh an a 
moving rolL Thli T> pc of ifn.‘4imrcnien 1 IP used maihlv far iiivpiti^jal in^ water rriDVeiistJin in cBtuarieP- 
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SlinpIrB vi Sea w'atrr ii^ in the nL-caBurriin^rit <>Crail curreiiti anctaLcn [n Bpcciit stca'I 
canCaincTfi known a» >ianBcii hrjtlliw, A ucrirt nf thcic, open At t'Ach kiwcrnl 

a eable To llsc Tei]ulrcd dA^^th, VVel^'Kli nit then iicnt ijiswn the cabW wbkh rrlr^HT one 
end ui tai^h bL'itlle ihiil it turni upwide dnn'TI, At tlie Same lime clcitlnp each end So a? 
TO trap water from ibc require J depths. Thermo mete fa miv be seen in flieta] tubes at- 
tacited tij The side oF the bottles for meaHiirin^ the temperature at each depth. 
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FLfiTE <i 



In iwjimft racci tf^y man; ^leicI fflorc j-ae3rtjfni:[i ire Liking advanta^ «f the Ficr ihftt 

ItmiTcrature take pbee aE ihc^a iUrfacc in ritliiibll to tke poiirkKh of ocean cur- 

rentH. I hit tuLH bm «|?ccia[h- tn the Ncwf^irri-Bcrmnda race which crosses the 
Uu3E hlffapn, vanahle m *^ed and posEtkin. Tbi? lltuBtratbn ihows Cum^nflu leavific 

sun of the Lipton Race, m\M m the F3nrid4i Current. al the headwateii 
Ilf the Gulf Stream. 
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buoy^, with deep keels or weighted poles to rninimiEB wind notion, 
now equipped to send out mdin sdgnals wbleh carry infonuation 
about water temperature as well as signalJng their changing positioniL 
Surface vessels are thus able to follow indiridual floats at their will^ 
simply by ‘^homliig” on the radio signals. Another type of float works 
ill reverse^ as it were, by haring a staff and metal flag that acts as a 
radar target, so that the research vessel may find its free floating 
buoys on its own radar screen. This sVisfeoi obviously suffers from 
being unduly subject to the effects of wind on the target. Still an- 
other type of free-floating buoy, developed at iliami, has a lightweight 
anchor and cable. At the end of a specified period, say 30 horn's, a 
clockwork mechanism tripa the anchor, thus mooring the float, and 
erects a radar target, previously folded down out of wind action. 

So far we have considered the more or less direct ways of measuring 
ocean currents, but there are some interesting properties of sea water 
that make it possible to use indirect methods, involving, odd as it may 
isceifi, tide gages, thermometers, electric currents, and even cUemicaJ 
atuilyaia* Only by nieams such as these is the oceanographer able to 
compute more or less accurately the volume of water flowing in the 
eea wldch, in the ect:^ of the Gulf Stream, is many hundred times that 
of River MJfisiasippi in flood. 

electromagnetic ilEASUREMENT 

An old principle has been recently applied to the measurement of 
currents. This is based upon tlie electromagnetic properties that 
underlie the djuiamo fi-otn wifloh we obtain our electricity for power 
and I i ght. When an electrical conductor moves across a magnetic field, 
then an electric current is developed in the circuit containing the con¬ 
ductor. The faster the conductor moves the more electricity is pro¬ 
duced. Pretty much tlie same thing happens when sea water, itself a 
conductor of electricity, moves across tlie earth's magaotic field. 
And so, by racoj^uring the small amounts of electrici^ produced at 
sea, WG have a means of measuring the rate of flow of the water. For 
this purpose two atationary electrodes may be placed at suitable dis¬ 
tances apart and the electriciki flow between them mcasuri^d. Or 
they may be towed behind a ship. In each case they measure the 
water flow between and at right angles to the Hue Joining the elec¬ 
trodes, independent of the ship*3 speed. The instrument used at sea 
today, including a potentiometer, which records the speed of water 
current continuously on p^ipcr, is known as tile G* E, K., or to 
more C'saot the geomagnetic electrokinetograph. Wlien the method 
wag originally tested b England by Faraday from a bridge over 
the River Thames the results were not satisfactory, hut in more re¬ 
cent years Longuet-Higglus and subsequently Von Ars have developed 
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a satisfactory sy^m* A remarkable feature of tMs method is that 
under fiome conditions the measunement of water currants may be 
carried out without oven leaving tlie share. Since the electrical field 
caused by currents extends beyond the edge of ttie water the electi'odes 
may be used oii land where they measure the speed of water from the 
terrestrial pai^t of the electrical field. 

Water in the open sea is not exactly the same from top to bottom. 
As mentioned previously, sea water is lighter when it is warmer and 
fresher, and heavier wlieu it becomes cooler and saltier. As might be 
expecLed, when undisturbed by currents or mixing processes, the sur^ 
face layers of the sea will be lighter und successively deeper layers 
will be increasingly lieavy. The exact density can be calculated from 
the temperature and salinity. When a current flows, however, there 
h a readjustment of the distribution of density in tlie water to com¬ 
pensate for the earth^s rotation, which exercises an effect on moving 
bodies tnowm as tile Coriohs force. The effect of this h to sliift tlie 
heavier water toward the left of the current when looking down¬ 
stream in the Northern Ilemisphei'e* The degree of this shift is pro^ 
portion al to the current. The oceanographer can therefore calculate 
the flow of a water current at sea provided he knows the way in which 
the water density is distributed. 

For practical purposes, die research ve^d Ateunis at right angles 
to tlie current, stopping at intervals to make the necessary measure¬ 
ments. At each station a cable is sent down with a number of water¬ 
sampling bottles attached to it at appitipriate interval s- The Nansen 
bottler, as they are called, are made of steel tube, and are sent down 
with both ends open so that the water runs thi'ough tlieiru When each 
arrives at its proper depth, messenger weights are sent down the 
cable so as to trip a trigger mechjmism that turns tlie bottle upside 
down on its hinged attachment to tlie cable, while at the siime time 
closing it* The temperature is meanwhile measured by tuearis of a 
senritive thermometer, attached to the bottle, which automatically 
records the temperature registered at the time it is upended. Tlie 
saltness of the water h measured by chemical analysis of tlie sample 
brought back in the bottle* 

The thermometer used is guarded against the pressure of water by 
being enclosed in a protecting tube. A second thermometer ia car¬ 
ried on the Nansen bottle for the surprising purpose of measuring 
the depth at which the sample is taken. In order to do this, this ther¬ 
mometer not provided with a protecting tube. As a result, the water 
pressure causes tlie bulb to be slightly compressed anti so the thermom¬ 
eter registers higher than it should. Tlie amount of pressure and 
therefore tlio depth of water can be calculated from tlie difference in 
reading of the two thermometers. 
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Another consequenoe of the way in which the CorioHs force causes 
a redistribution of water density enables changes in tlie flow of ocean 
cuirenta to he measured by means of tide gauges. Since the heavier 
water shifts to tlie left of the stream, the water surface tilts in order to 
maintain equilibrium so that the right-hand edge of the streani is 
liigher than the left* For instancej the Athuitic circulationj inchidlng 
the Gulf Stream, Hows in a circuit with the Sargasso Sea near the 
center. On all sides^ tlverefore, there is a downward slope of water 
from the Sargasso Sea outward. In the Florida Straits this meaiia 
tliat the water level at Miami on the coast of Florida is around two 
feet lovrer than it is at Gun Cay on the Bahamas aide of the Straits. 
This downhill gradient increases when the current increases, so that 
comparison of tide-gage records at the two places onable.^ the ocean¬ 
ographer to detect changes in the pace of the Gulf Stream^ after 
averaging out the tidal movements, of course* 

AID TO YACHTSMEN 

Yachtsmen in tlie Newport-Bemindii ocean race go to sea equipped 
with water tliermometcrs^ not through an endurnig interest in 
oceiinographic science, but for uavigatioual reasonss, aince tliey are able 
to Judge when tliey enter the Gulf Stream by changed m tlie surface 
teruperature. Since there is relatively less change in BuUne;Si3 than in 
temperature in the open ocean it follows that the density distHbution 
is more noticeably reflected in the temijcrature of the water. For thx^ 
reason there is a rise of temperature as a sliip enters the Gulf St retail 
from the American side. 

VEHTICAL CURHENTS 

Mentiou lias been made of verticftl currenbi and the huge slow move¬ 
ment of water deep below tlie surface. Tlie measurement of these 
presents a different kind of problem to that of surface cuiTcnts and 
so other methods must he used* An obrious approJich, of course, is to 
add up the volume of water How iiig into and out of any particular 
ocean or body of water. Wlicn the surface currenta arc know^n and 
hence reliable estimates can be made of the vertical movemenlSj tlien 
a balance may be struck and the residual amount of flow must take 
place below the surface. A water budget, in fact^ is set up. Other 
methods are usod^ involving tlie lueasuremeut of carbon isotopes in the 
sea, Tlie ratio of the carboD-12 and carbon-14 atoms in the water 
varies according to the length of time it haa been away from the sur¬ 
face so that isotope measurements provide a measurement of the water 
movement. Other approadiesi involving changes in oxygen concen¬ 
tration, temperature, and salinity have been used and will be de¬ 
scribed, it is hoped, in a future article. 
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Caribbean Expedition, 1956 


By Waldo L. Scbmjtt 
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The Caribees, tlie Lesser Antilles, the Windward and Leeward 
Islands!—^names to conjure with. This ctftdJe of many of our burri- 
canes and much of Atnerican history is e<^iially fascinating from a 
purely scientifio point of view. It is still a happy and a fruitful 
hunting ground for the naturalist, and so it proved to be during 
the recent Smithsonian-Bredin EAi)edition to the Caribbean, spon¬ 
sored and led by J. Bruce Bredin,^ of Wilmington, Del. Tlie Smith¬ 
sonian has long been interested in these islands ‘‘adjacent” to onr 
continent and hag welcomed all opportunities such as the present one 
to learn more about them and their inhabitants—animal, plant, and 
human, present and past, recent and fossLL 

In 1947 Ernest May financed explorations along the historic route 
of Columbus so that Dr. Herbert Krieger, Smithsonian ethnologist, 
might reconnoiter tlie native village sites reported by the diacov^er 
of the New World in the course of his four voyages of exploration, 
and so that Conrad Morton, Smithsonian botanist, could spend six 
weeks on the Island of St. Vincent sampling the flora of its little- 
investigated higher lerels and mountains. Earlier, in 1037, t he writer, 
as marine biologist to the Smithsonian-Hartford Expedition on the 
Joseph Conrad, visited a number of tlio islands of the West Indies, 
including some in tlm current itinerary, and others in the Gmter 
Antilles, and in 1938 as a member of the Hancock Atlantic Expedition 
to the north coast of South America he was enabled to collect on 
the island of Tobago, not reached during the Bredin Expedition. 

* An Honorary rellow oI tlie amlthsostaa lastlituHnn, Mr. Bredlc axmiiMred tte 
SmltbaonlaD-Bredia EznedUloD ta the Belaian Congo In IBES aoU another expedt- 
don to tbc Society iBlands In 105T. PrerienBly te Md actively 
the Sinltbsniilftii-nairtfnril EipeditloiL 
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Tlie Sniithsoniari’s earliest collections for the area arc recorded in 
the National iluseum’s fish and iiiTertebmte diTielons as haring been 
receired from Theodore N. Gill» who collected extensively in Trinidad 
and Barbados in 1857-58. 

These expeditions, undertaken and underwritten for the purpose 
of broadening (he Institution’s coverage of the animal end plant life 
of the world,do much to increase its knowledge of tlieir kinds anc] dis¬ 
tribution and tlicir representation in the study and reference collections 
of the U. S. Katioiial Museum. 

The Smithsonian-Bredin party, besides IMr. Biedin and the writer, 
mcluded Dr. Fenner A, Chace, Jr,, cai-cinologist and marine biologist; 
Dr. il. F. Gates Clarke,* entomologist and microlepidopterist; and 
Dr. Albert G, Smith, botanist and specialist on the fiowering plants— 
■ill then members of the professional staff of the U. S. National 
Museum. 

Desmond Nicholson captained our chartei'ed yacht, the Freelaitse, 
out of Antigua, which served as our floating laboratory. His school¬ 
days acquaintance witli the seashore life of the British Isles, Ids skill 
and experience with tlie underwater face mask iind snorkel, and his 
untiring efforts afloat, ashore, and under water materially enhanced 
the collections of marine animals taken in the course of the expedition. 
Supporting tlie captain was tlie FrefldTic^'g cooperative, able crew of 
native Antiguans, idl five experienced sailors—“Kennet” Potter, cook, 
a man who commanded univcisal respect and who also took over os 
til's! mate in the captain’s absence or wlienever his services were needed; 
Smith, the engineer, who saw to it that the yaeht’s twin auxiliaries, 
the generator, motorboat, and ouihoarrl functioned properly and when 
wanted; Itanny Thomson and Migtiel, deck hands; laidTIiomas, cabin 
boy. .iVmong diem, all our wants w'ere well attended, even to trudging 
miles overland, assisting the botanist with his plant collecting. Haul¬ 
ing Heines or cracking rocks and coral heads for tlie contuincii borers 
and other life harbored in their crevices and intci'Stices was all in the 
day’s work for the crew. No matter wliat other work was being 
carried on, tliei'e was always a line, hook, and siJiiiiier or two trolling 
off either quo iter while the ship was Tinder way. The cry of **fish’’ 
always called forth speedy action. Everyone but the man at the 
wheel dn>)>i>ed what he was doing and ran aft either to take a look 
or to lend a hand getting the line aboard. Most of these interim 
catdies of fish were eaten, if not w'onted for s|>ecimeQS ur for the 
parasites attached to them. 

' DesiiriiTta of tspcnOlti^ mon! tLme the Island of Danalnica tluui the planned 
Itlnerarr of the cziiedttloa would haTc permitted. Dr. Glni-lie flew in DmuJnJcn 
whUo the rest of the party [wiH'eeded to Port of Spain, Trinidad. »r, Clarte 
Joined the expedition at RasaAii. Pertinent notes on (nseeta nnd planta were 
supplied hy Dra. Clarice and Smith, respevtlvely. 



CARIBBEAN EXPEDTnOW, IBS 6—-SCHMTPr 


445 


The herself, a twin diesel schooDer, meftsored B6 feet ovei^ 

all. She liad a 19-foot beam and 11-foot dmft and was etiuip^ ^th 
inotorboat, sailing dinghy, electric generator, electric fans and re^* 
emtion, with hot and cold running water in each atate^m. Two 
single and two dcmble cabins provided ample accommodatton for our 

To keep onr rendezrons with the Freliance in Trinidad we ob^ined 
passage for ourselves and our bulky outfit and collecting gear a a 
the cruise ship He de Fr^e to Port-of-Si^in A one-day s jop >n 
Barbados made it possible to visit the Bellaiis Researdv Institute of 

McGill University and the Barbados Museum. 

The Institute, at St. James, a short distance out of Bridgetown, is 
Vi>f> set up primarily as a maiine laboratory. The director, Dr. John 
B. Lewis, had visited us previously at the National and we 

were anxious to learn more of the scientific work of his lahoratory. 
He showed ns through the Institute’s newly acquired quarters, a for¬ 
mer private residence located on a lovely beach with a variety of mu¬ 
rine habitats, including a flourishing coral r«f close at himcL At the 
time of OUT visit tlie residence was in the throes of renovation and ran- 
vereion into a wdl-appomtcd laboratory for marine study, with lUl fa¬ 
cilities, including, of course, aquaria and running salt water. 

The Museum, under the directorship of Neville C. Connell, is mam- 
tained by the Barbados Museum and Historical Society. Of marine 
mvertebrates, in which two of our party were especially mterested, 
there is a fair display of the commoner species of Crustacea and coel- 
enterates, a Imbitat group showing a section of a local coral reef with 
associated fauna, and a rather comprehensive and well-prepared senes 
of colortd easts of the coimiioner fishes os found or taken about the 
Lsland. Most of the exhibits in the Museum, however, pertain to the 
early hietory of the island, its inhabitants, their lives, local mannfac- 
tures, and imimrtntions. Veiy pertinent and of most interest were 
tiie objects and the models relating to th* early days and development 

of the sugar industry in Barbados. 

In Trinidad, tlie following day, March 7, we were met at the Cus¬ 
toms House dock by Jocelyn Crane and Henry Fleming of the New 
York Zoological Society’s stafi working with Dr. William Beebe at the 
Society’s Tropical Besearrh Station at Simla. Miss Crane, well- 
knoivn' authority on fiddler crabs, is associate director of the station. 
Her cordial invitation to Simla was accepted forthwitli by Dr. Smith 
who wished to botanize the area and by the rest of us for several days 
&s W 0 ’^visUed first to undortuke shore collcctuig at Stfljucus Bay, 
one of the island's many beauty spots. We went to Simla on March 11, 
it so happened in time for the dedication of the station's new butterfly 
flight cage. Tliw was ei^ted so that the species then under inveatiga- 
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tion could bo closely followed and obserred under virtually normal, 
natural, yet controlled conditions. 

During the entire period of our stay in Trinidad, Dr. Smith made 
headrjimrtem at SimltL, which is located tit an elevation of about SIX] 
feet on the inland (southern) slope of the Northern Nange of Trini- 
dad. Tliis Range comprises the island’s highest and most heavily for¬ 
ested land, reaching an elevation of more than S,000 feet; its tliird 
highest peak, ^lorne Bleu (2,7S1 feet) lies some miles northeast of 
Simla. Botanical collecting along the ersfit of the Range toward 
Morne Bleu provided Dr. Smith witli cJioellent material; the low 
crest forest bears a heavy growth of epiphytic ferns and bryophytes, 
with many species of orchids, aroids, and hromeliads. Among the in- 
tereBting trees and shrubs of this rain-drenched fo)-est are species of 
the melastome, madder, and pepper families, while among tlie under* 
growtli of ferns is to be found the beautiful white-(lowered succulent 
ffl^indvliferat one of a group that ranges throughout the Les¬ 
ser Antilles in wet areas. 

In Fort-of-Spain we paid our respects to the American Consul, and 
fortuitously, through a misdirected telephone call, we became ac¬ 
quainted with Frank Ambard, customs official, who has a very fine 
and complete representation of die butterflies of Trinidad. Nearly 
eveiy species in his collection is represented by a pristine pair—with 
few eseeptinns reared by himself. 

Wa also visited the Royal Victoria Museum, of which Arthur N, 
GrccnbaR is the director, 'lliis museum possesses a number of zoologi¬ 
cal rarities, ineluding the giant tadpole of a relatively small frog, 
FffcTJifis The adult is under 4 inches long, whereas the 

tadpole may reach inches in length. 

On March 13, at 5 p. m., we were under way on the first leg of our 
40 days’ and 40 nights’ cruise through the isknds. This last day in 
Trinidad had been a busy one getting our stores aboard, filling the 
water and tiio fuel tanks, and our collecting chests with alcohol needed 
for the preservation of zoological Epecinicns. It was a rolling first 
night at sea. The next morning was one of busy preparation organiz¬ 
ing gear and containers, fitting together our water glass, aud as¬ 
sembling the bottom sampler. By lunch time wo were tied up off 
the sea wall in St. George Harbor, Grenada, just across the roadway 
from the ship diandlcrs and the wholesale district, a busy harbor 
indwd, teeming with the loading and unloading of cargoes from 
the inlerisland schoonera. We took time to make a number of pur¬ 
chases essential for our collecting work, particnlarly a small kerosene 
beater for Dr. Smith’s plants in their piesses below deck, where 
the plant specimens had to be dried because of the wind, the occasional 
rain or sproy, and the lack of space topside; and a wooden sliovel for 
screemug beach sand for its contained macroscopic organisms. 
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I wag told thftt this tjpe of shoTel was ordinarily nsed for stoTeliiig 
cocoa pods and beans about. Before us, atop the sea wall, we eaw 
another step in tbe journey of the cocoa beans on tbeir way from the 
parent tree to the tin of commerce in which cocoa sold- Along the 
harbor road square yards of pods were spread out on tarpaulina to 
dj-y in the sun. Over them a bosom, he aTy-weigh ted native woman 
strode in endless measured tread back and forth, crunching the pods 
to free the beans, 

Grenada, the southernmost of the British Windward Islands, 9t 
miles to the north of Trinidad, and only square miles in extent, 
is a Terltable “Spice Island,for, aside from cocoa beans, of which 
over 5 milUon pounds are exported each year, nutmegs are the largest 
item in the islands economy. Before the well-nigh disastrans hurri¬ 
cane of 1955 more than 6 million pounds of nutmegs and mace were 
shipped out of Grenada. MhM of these two apices are exported to the 
Uniterl States, where, according to local reports, the nutmegs are used 
chiefly to flavor sausage meats- Included in the island^f? spice exports 
are cinnamon and cloves; considerable cotton i$ also grow'n here. 

The morning after our arrival in Grenada, Mr. Bredin and Dr. 
Smith headed for the hills and Grand Etang, a beautiful crater lake 2 
miles in circumference situated m the heart of a tropical rain forest 
which covers most of this Island. The volcanic depression in. which 
the lake is located at an elevation of about 1,600 feet is reached by a 
steep, much-contorted, yet exceedingly picturc^ue road. It is often— 
as it was this day—overhnng with curtains of moist fog, while hard 
showers of rain fell intermittently. The forest that fills the inner 
valleys of Grenatia shows the effects of the recent liumcane violence, 
in that the trees, often too thickly growing to fall* stand broken and 
leaflet in eerie ranks, TTlie region is not high enough to support the 
“elfin wood!andthat characterises high portioua of the Antilles, but 
nevertheless the predominant trees do not much exceed a height of 
or 40 feet* ITie immediate shores of the late are low and Bwampy, 
and hei-e the botanist found excellent collecting, obtaiumg many 
herbaceous plants such as sedges and the pretty yeUow-flowered 
ntricuJuria ohlu&a. On the slopes farther from the lake, in the debris 
of the ruined forest, were found the coarse large-flowered Lohclza 
cirsifolia^ masses of the little prostrate shrnb Sativaffema erect and 
majiy small-flowered orchids and ferns on the fallen branches of trees* 

It is the luxuriant vegetation of the moisler islands among the West 
Indies that have merited them tlie mime Isles of Paradise* Cer¬ 
tainly those who live on Grenada, Martinique, Dominica, and Guade¬ 
loupe—and many who visit tliem—feel this way about them. While 
Dr, Smith was sampling the flora, Dr* CbEiice and I, with our para¬ 
phernalia, took a taxicab out to Point Saline, for here the rocky 
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ahorea^ sea caves, and interspersed sandy beaches held promise of good 
collecting of marine invertebrates. 

We spent the afternoon collecting on a rocky reef betvreen the ship 
and the farther shore in a bight culled St. Martinis Bay. A few 
dredge hauls were also made off Grenada's famed swimming beach, 
Grand Anse, just oijtsidc the harlior proper, 

Althougli we plttiine^l an early niorjiing start for Carriacou, 30 or 
43 miles to the northward according to the strength of the wind^ a case 
of dysentery on board led na to seek advice and a prescription from a 
local doctor* Tie refused payment for hh? services, considering us as 
guests of the city, but finsOly he was persuaded to accept something 
toward the cost of the lt>i?al hospital's chanty patients. 

The delayed sailing made it pob+aible for us to extend the courtesies 
of the Fre^lartf^fi to Dr. Sloniiusky, the resident physician on Carria- 
con, sparing him a 4-diiy wait for the next hoat returning there. In 
turn he was of service to ns in locating a good and convenient anchor¬ 
age in TyTrell Bay. The bay is ringed with conical ^^peaked-cap’* 
sJijiped hi lb, nil seemingly a httle slumped over to tlio right This 
gnomeliko st'tting was one of the richest collecting grounds of the 
cruise: Pifrites beds with turtle-grass patches, rocky' reefs, mangrove 
swamps, and a wooden wreck iJiickly encrusted with animal and plant 
groAvths. In a few hom^, oa er the Uats^ along shore, and in the Avi-cck, 
this well-popiilat£il littoral urea yielded such a profusion of spccimem 
representative of all grouijs of iiiYertebrate^ that we could not prop¬ 
erly preserve all of Llietn before sailing the next day at noon. Never¬ 
theless, duit night wo put oA^er an electric light at the gangway- 
Under it tlio cajitain Avielded a busy dipiiet. This routine was a regi4- 
lar thing for the captain almost every evening, and it ahvaya brought 
in a host of the “finer things"’ of life, from Protozoa and copepods to 
pelagic mollijvks, little squids, ami small octopuses, and hoav and then 
an untixpi?ctcd fish and many biicarre larval forms of them and no end 
of large oliA’e-green and blue-black sea-hares that were drifting or 
sw-imming by- At this time of the year they were spaAvning in Gie 
grass patches in shallow water, and evidently Tyrrell Bay was one of 
their favored habitats. 

That afternoon the Aveather began kicking up, and by 4 o^clock W'O 
were driven to seek shelter in Cliatham Bay on tlie lee side of Union 
Island. This was tiie only uenlly bad spell of iveather encountei*ad 
during the fi^^-Aveek cruiscn The wind screeched and whistled all 
night, and for a time both anchor^ Avith all available chain threatened 
to drag. The clearing sky Iho next morning was ushered in with a 
liglit breeze^ Before long we readied the idyllic ancliomge among the 
Tobago Cayg for Avhich Ave had been beaded the afternoon before* 
Fxcept for tJic utter lack of water ashore, omj would be tempted to 
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spend ft lot of time here, The botanist and a helper from the crev 
ascended the little islet of Petit Bntteau to its high point of onlj 140 
feet. Petit Batteatl is a rough island composed largely of stony 
debris, covered by a thick and thorny givirth of low shrubs and cacti. 
While the plants of tliis area represent v^ddcspread and common ele¬ 
ments of the Antillean flora, tlve region is so seldom visited by botan¬ 
ists that it seemed wortliwhile to obtain representative sinscimens of 
even well-known plants. Diving Inside the reef, Captain Xicholson 
brought us our first living crinoid of the trip. It was with sincere 
regret that we left tliis beautiful anchorage for Musti<iue on the way 
to St. Lucia by way of Bequia. leftistiqne is one of the few remaining 
“feudal” holdings among the islands. It has been in the hands of one 
family from the time of tlip original grant to the present day^ and on 
it is a village of several hundred of the descendants of the original 
slave laborers on its plantations, who today work as tenants for the 
owners of the island, whose responsibility they are for life. As one 
might say, tliey are an integral part of tho land—they neither know 
nor have any other home. Seining was attempted off ono of the better 
looking beaches, but tJie effort w-as not worthwhile because the many 
scattered coral heads made it impossiblo successfully to complete a 
single haul. Skin diving saved the day for us, os cmcked-up coral 
clumps and the sponges so retrieved were alive with small aninmls of 
all kinds. 

A 4-hom- run brought us to Bequia. Its harbor, Admiralty Bay, is 
a quiet, out-of-the-way, withal very beautiful place, nnapoiled by 
tourists except for the few who may go there for no more than a dip 
in the sea, » sunning on the lieacli, and a sleep in the shade. It was 
there that we saw some of the iieatCwst sailing ever. It is marvelous 
how some of the stolid looking island schooners, with nothing but 
their sails to power them, can Jiiakp their anchorages in a light breeze 
among other craft as easily as tlie best of motor sailors. True enough, 
it fakes them a bit longer to tack back and fortli across the bay, but 
the consummate skill and the (Altitude with which it is accompiished 
are a thrill to watch. We witnessed just such a performance during 
the heavily overcast aftenioon that we were in Bequia; then, ns tho 
fcliooncr cftme to anchor, the sun broke through the clouds to high¬ 
light tho previously shaded white sails, a brilliantly scarlet hull 
against the azure i^a, the gi'cen hills in hack, and tiie white-flecked blue 
sky above. It was a seacape unsurpnt^ted. 

In passing on the way to Castries, St. Lucia, we stopped briefly at 
Soufri^re, Tlirougli intermittent showers wb beheld one of the most 
impressive harbor entrances in all the Lesser Antilies, guarded as it is 
to the east by the Pitons, Petit and Gros. Here, warm sulfur l>atha 
were enjoyed. History has it that the Empress Joeephiive .spent her 
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tliildhood diiys on tliis island and batlied in tbe sulfur waterB of theso 
self-same springs. Soufrifere b iilmost as French as Engl in its 
place nsiiiies at least. It changed hands a dozen times or more m the 
flays the French were harassing tlie English during our own Revolu¬ 
tion. Castries is big and bustling, having staged a most remarkable 
comeback following the disnstrous fire of 104D* For the most part, 
it can now boast of new, clean, and modera shops, office buildings, 
and warehouses. We found it an escellent place for replenishing our 
stores and fuel and water supplies. 

The next morning we dropped back a few miles to ilarigot Bay—a 
most intriguing locality for the collector. The entrance to this 
secluded, sheltered place is fjcarcely to be marked fram offshore, yet 
w'ithin it is a typical buccaneerhideaway^ Oti one shore the channel 
is so steep-to that one can tie up to the pahn trees and literally step 
asliore. The ship^a masts were completely hidden in the tops of the 
trees. All that the black-huUed Freel^nca lucked to complete the 
picture was a Jolly Rogeri' emblaJioned with skull and crogsbones. 

Some of our most successful seine Imuls were made in this lovely 
spot Our botanist, Dr. Smith, returned with ample booty from the 
bill above our mooring place, despite tlie ^varning posted near our 
landing place that “miy tiespa^ done under this woodland will be 
arre^sted & deal with arcordiug to tho law,” Capl^^m Nicholson, with 
his expert diving, found something quite new to him, and to nie also™ 
a pair of plump bmwnish white-spotted snapping shrimps {Atphewt 
ffrmwiuj) that find themselves at home in the shelter of the tcntJicles 
of the large fleshy sea anemone Iiarth<>l<^7ii^a which lives? 

almost buried on sandy bottoms. These shrimps clambered over and 
among the tentacles of the anemone with impunity where other species 
of shrimps quickly became eatangled in the mucu^ given off by the 
tentacles and perhaps ulso stunned by their nematocjsts and were 
fortliwitli ingested. Though similar associations are known in zoolog¬ 
ical literature, it had not tefore been observed by any of os. Later, 
in ati aqimrimn, the captain held two anemones and two pairs of these 
shrimps alive for several weeks with only an occasional small freshly 
lulled fish for sustenance. 

From Marigot Bay the course was set for Pigeon Island, which in 
1783 was garrisoned by the English under Rodney in order to keep 
watch on the French West Indian fleet based on ^larttnique. Remains 
of the old fortifications and several of the cannon were noted by Mr. 
Bredin and Dr. Smith while exploring the heights above the landing 
place. Mr. Bredln brought back u tnxich-corroded uniform button that 
must have been dropped in the fort during its occupation in Rodney 
day. Now the island sports a beach club with overnight cottages mu 
by a retired former mensber of the D'Ojdy Carte Opera Co. 
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Captain Nicholson had told na of the great seine hauls made in 
farorable weather by the natives of the adjacent Tillages on the b^ch 
fronting Pigeon Island, Ttie net is dropped and the haul begins far 
out in the bay at the very break of dawn. We went asliore an hour 
and a half or two hours later—^nearer 6 o’clock. Even then there was 
scarcely light enough for regular color film—all that we had along. 
More of interest to us than the seine haul was the sight that greeted 
us os we struck the beacli—as far as we could see in either direction a 
conspicuous pink windrow of crab larvae in the megalops stage, and 
as we looked more closely the lapping wavelets and the waters of tlie 
receding tide were “peppered" with more of these larvae, three or 
four or more to every cubic foot of water. The natives said they had 
never seen anjfthing like it before. Meanwhile the wings of the seine 
were coming closer and closer to shore. One of the lines, the left one 
looking at the shoreward moving seine, was maimed by the womenfolk, 
with one lone man in the lead at the water’s edge. The other line was 
being pulled in by an all-man crew. Natives in dugouts or canoes off 
either end of the net beat tlie water with their paddles and oars or 
threw stones to frighten liack any fish that might try to escape the 
net. After three or four hours of labor the net wns ashore. The catch 
was pitifully small—just not enough fiah to go around. Wliich of tho 
many native families participating gf^t what and how much, we were 
unable to determine. It certainly looked as if the place was being 
overlialied, too regularly and too thoroughly. Specimens represen- 
tative of tlie catch were bought for the bfuseuni. Elsewhere in the 
Lesser Antilles, the seine hauls do not appear to be any more pro¬ 
ductive, perhaps for tho same reasons. At least in Martinique in the 
French West Indies, and in St. Kitts in the Leewards, this reems to 
hold true. In Martinique, where we drove along the sliore for a eou- 
sidernble distance from St, Pierre to Fort-de-Franco, more than in 
any other island there were numerous large seines diying on every 
suitable bcacli. One haul that we witnessed not far from St. Pierre 
was most scanty. Certainly something should be done to rehabilitate 
the shore or seine fisheries of lliese islands. 

At 5 o’clock on March 22 we mode Fort-dc-France, which must be 
a popular port of call, for we found several yachts there from the 
States, including the J/aumVlj, another of the Nicholson charter 
yachts, and one from Soutli Africa hailing from Hong Kong and 
on a trip around the world. Early the next morning we paid our 
respects to our American Consul, IVilliam P. Cobh, Jr., whose in¬ 
troductions enabled us to make a number of valuahlo contacts and to 
arrange for Pr. Smith to meet, at Guadeloupe, Dr. Henri SteUle, a 
botanist colleague with whom he had long beecn in correspondence. 
This last was attended to by Dr. Blanche, Diracteur du Service de 
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Protecdou deg VegeUux, Sendee de l*AgrTcu]turej who abo t<K)k us 
to meet J. Moricet Direeteiir de l^Offico de PecheH. A further courtesy 
was the gift of a complete set of the buEetin issued by the local 
natural history societj^j a periodical not otherwise avadable in Wasli- 
ington that will be very welcome to our systematic biologists. Mr, 
Cobb alyo kindly eondueted ns on an extended all-Jay tour of the 
island^ first ini and through rain-forested valleys to the sulfur baths^ 
and tJieti over tlie hllJs to St- Pierre. 

Stu Piorre ia Uie now famous city where on iVsceiisiori Day, May 51, 
1902j 30,000 inhabitants lost their 15 ve^ in a matter of moments in that 
fearsome cloud of Incandc^nt gaa that roUed down Mount Pelee^ 
Parts of the city today are tfti-ongly t^iniscent of PompeUj except 
where some of the new, though not always modem, buildings are being 
erected among the old. Some protection is now being accorded the 
more significant luins, and continued excavation is opening up more 
of tho iniportant structures and the streets of old St. Pierre. The 
vulcanulogical museum, with its host of '■^reEcs” and photographs 
taken shortly after Uiat fatal eruption, furnishes u sad and moving 
visual commentary on what was that once flourishing towm and what 
happ^^ned to it. It was perhaps the Creole Paris of the New World 
and is memorialized in Lafeadio Hearn’s “Two Vears in the French 
West Indias,^ written long before the disaster. 

Later that day we received an invitation to meet M, Morice at the 
local yacht dub with Dr. Blanche, where we were shown a number 
of interesting preserved specimenB of Crustacea, iuchiding the three 
species of spiny lobsters known from Martinique. Then he mentioned 
a special aoologUt^s treat he had in store for us—a bottle fuE of red 
megalopn from Pigeon Island! Altliough tliey were picked up on 
the beach 30 hours after our visit, tliey were httle the wor^ for 
wear. Morice o^ured us, too, that it was the first time the phenome¬ 
non had come to tlie attention of any ob^rvant per^n and that he 
was as anxious as we were to determine the spi^icsf of crab represented. 
Dr, Chaca has since determined these as probably previously unknown 
larval foriiu? gf an osystomc emb of the fanuly Raninidae. 

An urgent cablegram recalled Mr. Bredin to ttie SUteSn His going 
left a gap in our rank^, which he promised to fill at tho first oppor¬ 
tunity with his brother-iu-law, Emest N. May. It was Mr. May who 
sponsored the Smithsonian-May Expedition of also to the West 
Indies, mentitmed on the firsd page of this article. 

Domiiiira is u beautiful high island, na attractive in many ways 
equally verdant Martinique, with its majestic and destructive Mount 
Pel^. Our sails, with an assist in the lee of the island from our twin 
dieaels, brought ua from Fort-de France to Roseau in about 9 hours. 
Greeting os on the dock was Dr, Clarke, who had already spent 17 
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day3 on thfl island thoroughly sampling the microlepidopteran 
fauna. In this brief span^ in a rutlier rci^trictod ami, nearly 100 sp&cies 
of Microlepidoptcm were taken. In this material are many fi[x>cieB 
formerly unknown to many of which appear to be endemic. 

Other species such as BraeAj/acma palplgcra^ and the notorious pi ok 
boll worm {Pectm&ph&ra ffi>asi/pi^Ua) were formerly unrecorded froni 
the inland. Extensive eoUeoting revealed the presence of both of the 
above species on many of the islaiids to the norlh. Preliminary exami¬ 
nation indicates that tlie mkrolepidopterous family Plastcibasidae^ 
tlie larvae of ivhich feed in dead and decaying vegetable matter^ finds 
its gi'eatest development in the New World Tropira where it i-eplFices 
the Lyonetiidiie of the Old World Ti-opics. The Blaatobasldae weie 
formerly considered a largely temperate zone family, 

I>i\ Clarke wished to make a final trip to the fresh-water lake that 
lies some miles iidiindj near the main ridge of the island at the head 
of the Roseau River, He and Dr. Smith a very profitable day 
in the vicinity of the little lakej whicli lies in a forest-surrounded val¬ 
ley at an olevation of about 1^700 feet. Along the swampy shores of 
the lake are found several species of grasstw and sedges^ beldnd which 
occur the usual genera of tropical trees anti dirubs. Collecting along 
the trail back toward Oie coast^ the botaiust obtained many epiphyles 
in the wet moss-covered forest, while an endemic West Indian 
ericaceous plant, llorfi^ianma rac£m<^^(i^ was noted as abundant. A 
little trailside rttsplierry, livhm rma^foUvs^ waa appreciated by the 
collectors for its excellent edible qualities. This was Dr, Smith’s best 
day of the ti'ip from the vieivpoint of quantity of material^ as he pre¬ 
pared Oa numbers of specimetis with about fsight duidicateH of eiiclin 
In geneiul he obtained (his number of dupiicide ects, so that the 
Museum’s Department of Botany will have available Kven sets of the 
eiipodition^s plant collections to use for exchange purposes. 

We anchoi^ in Woodbridge Bay^ a few miles up the coast, a some¬ 
what better roadstead than at Roir^eaii. Ilej-o there was a pier for 
lightering l^ananas out to the EngliKh-lxnind Murtha Rentef\ The 
loading was done with expedition, for here, as everywhciie else, time 
was money. All day long the trucks were discharging lieiivy luiids 
of bananas niorsgside natives from the hilh, wdio brought in their one 
or two stalks upon their heads. In tJie same fashion the stalks were 
taken from the storage shed dow n to the pier to the lighters. ^Ul tliis 
carrydug was done by the women—one stalk to a heail and at a rapid 
walk, often a half trot, because they got so much for eadi one car¬ 
ried. Returning “empty beadedtlie moi*o ainbitioiis ones cftme on 
ii run —the more trips the more pjuiieth Tlie steamer wojs in for only 
a day and had to leave at midnight. Except for brief pauses for 
knocks at noon end niidaftemoou there was no cesstition of the work. 
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As fiach ^oman passed a checker on the iray down to the pter she was 
given a metal token, for each of which she collected the equivalent of 
about a cents (U* S.)* The minimuni weif^ht of any stalks accepted 
by tlio buyer, who pays the grower about 6 cents a pound for them, is 
18 pounds, but the heaviest of these stalks easily wcigheil twice this. 
A woman might well coriy nearly a ton of Imnanae from morning to 
midnight, when tJie steamer skilled, if she worked the entire time. 

Here too we met Stephen Ilaweia, longtiine resident artist of 
Dominica, who painted several of the color plates for Hildebrand 
account of llahea in the Smithsonian Scientific SericfS. Among other 
things, Haweis is interested in the coinscrvation of ‘^mountain chick¬ 
ens,” a delicacy much sought after by natives and Europeans alike^ so 
much so that they are becoming scarcer by the year. The Tnonutain 
chicken ia neither bird nor fowl, but a large frog, L^piod^ct^lus fat tax j 
found now only in the mountain streams of Dominica. A specimen as 
much 03 fiVa inches long may weigh as much as a pound. Tasting like 
breast of diicken, the fie^h is tirnier than that of the fivig’s legs served 
in the Stato, 

On &larch 28 we moved up the coast hoping to explore the Layou 
Itiver Valley, a surprmngly beautiful place according to tlie captain, 
but, to our disappointment, the surf on the river bar was inipasably 
high. Instead, wo cast anchor in Prince Eupert Bay off the town of 
Portsmouth, where wo were able to secure an additional length of 
stout tow lino needed for contemplated dredging on the Saba Bank 
later during tlie cruise. got another cHnoid here off Portsmoutli, 
and at night witlt tJie electric light lured two myctophid% lishea with 
rows of small liiminoug spots on each side. 

On our way in to Pointe ii Pitre, Guadeloupe, we passed just the 
type of reef over which we wanted to collect. It looked so good and 
was so close in that Dr. Chace remarked that it could well ba the type 
locality for a number of the crustaceans firet described from this island. 
On the natural history of their West Indies the French zoologists in the 
early days published a number of fine papers, but very little has a[>- 
penred stuce^ On the quay we met Dr. Blanche again, lie bad made 
0. direct and quicker trip up from Fort-de-France. With him was 
Dr. Stehidj the now resident French botanist- An all-day field trip 
to the uplands had been arranged for Drs. Smith arid Clarke* But 
the pleA5!Urc of die meeting of two longtime frientia who had only 
known each other through correspondence rather oversliado^ved die 
fieldwork tliis day. Nevprthel^ Dr. Smith obtained some specimens 
of remarkable intersat in the forest adjacent to the Institute for Agro¬ 
nomic Eeisearches, as a result of Dr. Stehle'g iiUiniate knowledge of the 
ffora* Of particular interest were tlie little yellow-flowered irklaceous 
Trir^sia mirtiniceTis^ and a species of Polygida which has an odd 
known distribution of only Guadeloupe and Cuba. 
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1. r. ClAilkr ft>ltrrting liucErtf from a brqmcljad i^n Di^rilEtiiCi, The boy on the; 3cft trud.Kd 
10 tnilrt over the mountama m leJI hit bi41Kh (if biniiTiiii, on3y to have hh crop nrjcctcJ. 



3- Kl[guef artkitig ^■ei;eiaiiofi typical of the dry ilopci of one of the smalltj' Gr^nadineii- The 
■piny character pf this environroent led to the cqncfuvion ilut Itout cbthri- aJict a lot- 
glWnp dbpotllluli Were pf^n.’^UBltCi fijr n>llcctlng Oti tliese othcrwiJC dcJlghtful iilandi. 
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i. The Carihfi- This rnctit, dudc owniTid bv ErneiL Nr \'Iay% wai enmuntcred in Sir Francii 
Drake ChAfiJiel wlialc \Ir. Mav was abnard iht frtf^ane^. 
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lobEtcn trapped indder 
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r The fnrbiiidin^ eliffp nf Rfilcimia UUnd JJtld tUc 2, lln' ]flnL3in^' plucc and I^ijlly dei RedtMiJ;! whkh 

JgrwMsi jrlttiuiiij pIm>vjp, PljnefrfiHie fniilC* wer^J ^iJVL" l^rn CJiUrke acciiaa lo llie pliiTc’aij tind diiAii 

inter* liKatetlnn i Lisi vi»kjinic rrKk. whkh hk\ ddiL-tiiJciJ more rapidly i htLii pkniii'd. 
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L Dl Clarke pjnntng Mkrol^piJiipli^r^i m ihe /’rfr/anc^'j salcxm. After eneceMfut lighc- 
txap station, thU ppei'^Hion sornttimesj laat-cd tnoal of the fcjJlowing night iti ortlFr la oblain 
pood study sped men I of eadl of the apccicB cauplii_ 



2. Dl SihMi Etftcks hiM pUnt prrBsca around a tantem m hil Cabin. BccauBEof unpirdic!- 
abte drying fnaditioui oa deek^ all [he botAnical ipecimcQa h^d to be dried by ttiii im- 
praviacd metbpdL 
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L, FictllTii! ihe caLdh, Out? nf the l«ifl pleat&fil chLire& cif a marine bblo]£i4t la the 

lar^f ftBhes to insure proper I»iT«n.’ation- 



1. After a good tiny on the reef. Dr- Chi^;e and the xmihor iPirrepatinp lKp frajrile and un- 
niual mvertebratea befare preteT^^aill3n+ 
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The reel we spotted on the way in wag centered about Rat Island. 
It was indeed rich collecting:, reminiscent of Carriaeou. Roimdnbout 
were mud flats, sand flats, weedy patches rather than turtle^grasa 
shoals, PoTif^ clumps again, and, on the little island itself, mneh 
honeycombed and fissured sandy limestone alive with shrimps, crabs, 
and barnacles, boring, stalked, and sessile, and all manner of other 
invertebrates. On the other hand, the electric light over the ship’s 
side within the harbor that evening lured virtually nothing to our dip 
net, probably because the waters here ate too polluted. 

Rccalling that a longtime friend and correspondent of the N^ational 
Museum lived in Pointe a Pitre, we undertook to look him up—Adrian 
Questal, now in his 80’s and confined to his Ihird-floor eleyatorless 
apartment. He is very proud of the several papers he publisbeil on 
the island’s flora, helpM with identifications made for him in Wash¬ 
ington. While looking for the Questal residence, we encountered a 
Mr. Halley who was anxious to Imve a strange crab identified. He 
said it had been taken in a fish pot or trap, locally. This wo could 
not believe, for wfliat ho had was a beautifully mounted and varnished 
tlie coconut *^n)bber crab” known to us only from the 
mid and south Pacific. Wo were most skeptical of his claim that this 
crab came from the offshore waters of this Atlantic island, yet as we 
were preparing to leave Pointe k Pitre, we spied in the curio shop 
just within the customs house gates three identically mounted speci¬ 
mens in a case with a lot of West Indian shells, sea fans, and corals. 
Could it bo tliwt- the robber crab has become an “aedimatized” inhabi¬ 
tant of the coconut grovea of Guadeloupe J I shall always regret that 
a tight schedule did not permit us to check his information. We are 
still inclined seriously to doubt it. However, the rufua-tailed guan, 
a pheasant which was introduced into the iglanda of Pequia and Union 
in the laOO’s, has become well establtslied there; and monkeys said to 
hove been brought over in the slnve-truding days are at homo in the 
forests of Grenada, according to Fredric Fenger (1926). 

The night’s run northward in the Ice of Guadeloupe wag uneventful. 
Our tries on the 40-fathom bant off Antigua for red snappers were 
futile; all we got was one black ere Valle, It wag midaftenioon before 
wo tied up at English Harbour and were received by Cmdr. and Mrg, 
V, D. B. Nicholson, Desmond’s father and mother, from whom we had 
chartered the Freelance, Here, roundabout, were what was left of 
the buildings of Nelson’s day, many of which were still in good repair 
when used in part as the shore laboratory of the Barbados-Antigua 
expeditiO'n of the University of lown in 1018. It was from English 
Harbour that Nelson sailed with his 13 ships to victory at Ttafaigar 
over the French fleet which greatly outnumbered his small fleeL 
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The old sea %vall of Nelson's daij, gtiT standing^ k a omrFeloua phoa 
for coUciting iiiTertebrates, mobile os as sessile^ and muny small 
fishes, t 4 :jo. At nighty with fiashlight and long-handled dip netj night 
prowkra, which seldom if erer leaTe the creTiees in which they hide 
by day, full easy proy to the collector. Here the long-clawed, red- 
bunded Sten&pits can be caught in quantity, one specimen at ft time. 
Wliile Chace and the writer worked o^er the seaahorej the reefs, the 
harbor piling, and an old wreck, the captain successfully dited for 
more of the Stindys bottom-dwelling anemones and their associated 
crustaceans. In addiLion to the snapping shrimp, AlpAeu^ armatus^ 
that he had discoven^d lurking among the tentacles of the sea anemones 
at Marigot Bay, lie found here another species with similar hubits, a 
hippolytid shrimp, Thor and also a small red mysid shrimp 

of which he got several specimens under the same conditions. 

The botanist and entomologisst were otherwise engaged. Tliey 
always sought out the higher elevations of most of the islands visited, 
for the higlier one got^ and the farther from civilizationj the more 
natural and unspoiled the ilora and fauna. The main range of hills 
on Antigua bears an mi|xising name—the Shekerley Mountains— 
although only in a few places does the elevation exceed IjOOO feet. 
There remain a few patches of native vegetation on these hills, but 
in the main the whole of the island has been cleared at one time or 
another. On Boggy Peake, the Inghest on Antigua, 1^514 feet^ and 
later on Falmouth Pealt (“Sogarloaf’*), the collcctiug was varied. 
Much of the hill urea is clotlict.1 with a thorny evergreen bush con¬ 
sisting «f many s[>ecics of the legume family; such genera of other 
families as GusUarda^ C^pparht^ Uordia^ and ara represented 

among the small trees. Several species of epiphytic faromeliads and 
peperomioa thrive in spite of the scanty precipitation. At lower 
elevations, and especially on the dry hills near Ejiglidi Harbour, a 
predominant plant is the tall yellow-flowered Aff&ve obducta^ endemic 
to Antigua and the nearby island of Barbuda. This lowland vegeta¬ 
tion is chnraotcl'iased by n preponderance of thorny plants, not only 
such borreudoUB cacti as Opvntia triacantha mid O. diihniL but 
thorny legumes, thorny Verbenaceae, thorny RuhiiiEroae, and thorny 
Euphorbiuccftc* Dr. Clarke and Dr. Smitli agreed that, in pursuit of 
their specialties on the hills near English Harhour, stout clothes and 
a forgiving disposition were prerequisites. 

The low-lyiug, seldom visitecl, reef-girt island of Barbuda was nexi 
on our itinerary becaii&B we wanted to see thei^e the spiny lobster 
faggot fishery, about which the captain had told u.^. To the island's 
trcacherons I’eefs are credited perhaps more wrecks than any other 
island in the West Indies. But the island is nevertheless blessed with 
a large, almost landlocked lagoon. An opening to tba north permits 
the ahallow draft, usually Ajatigua-bound, sloops to make their way 



457 


CARIBBEAN EXPEDITION, 1066—SCHMITT 

from find to the town of Codrington on the eastern shore of the Jagoon. 
It is in this relatively quiet inlund sea that, the faggot hshcry is curried 
on. For the spiny lobsters, PanuUfun drytuty cjilled crawfish in FloridUi 
and crawdsh or langoitste in the West Indies gcncrully, the lagoon 
seems to constitute u hnge nitriicry. It is this citcumstnnee, coupled 
with the relatively shallow water in much of the lagoon, that mnhes 
this unique tueihod of fishing possible. In suirable parts of the lagoon, 
in about half to titrec^quiirteTS of a fathom of water, the native build 
up piles of waterlogged brush, tree limbs, and small stumps. This ]>jle 
of *^aggot8'^ is usually about feet high and roughly 6 or more feet 
in diameter. I^eft to soak undisturbed for some weeks, it becomes a 
well-populated refuge or shelter for young lobsters. These are then 
secured by surrounding the pile of faggots with a seine or gill net of 
sutHcieiitly small mesh. Then the dshcriuen stand witliin the en¬ 
circling net and toss over the faggots to form a new pile just outside 
the net. Ttius the faggot fishery is a coritinuuig one. When oU the 
faggots have been removed, the net is pursed at the bottom and the 
catch dumped into the sloop in which tlie natives travel about the 
lagoon. In the haul described there were 26 si^sahle lobsters. The 
three dslierman who put on the “performance” for us maintain seven of 
these faggot piles, in addition to whatever other fisliingor agrlculluiul 
work they may do. 

Ashore with his light-trap set overnight, Dr. Clarke secured no less 
than 3,000 specimens of the tiny moths, Jlicrolepidoptera, that he es¬ 
pecially sought. Also, Ln the course of a hike to the so-called south 
landing, from the reefs there, additional forms of murine life were 
collected, and on the road to and through the brush from the landing 
Dr, Clarke got many other unexpected insects from broincliads and 
other vegetation that he hacked to pieces on the w.uy. 

From Barbuda wc returned to Antigua, but our stopover fliis sec¬ 
ond time was scarecly longer than uevessury to stock up for the last kp 
of the cruise, and to await filr. Rfays urrival by plane. This was 
his first opportunity to “sign on” following ilr. Bredin's return to 
the States from RlurtiTi iqiie. 

Nevis was our next destination. On the way, early in the afternoon, 
we found ourselves passing close to that isolate<l volcanic “extrusion ’ 
from the bottom of the sea, Kedonda. About 20 years ago I had hoped 
to land on this small uninhabited island, but was thwarted by the 
high seas beating against its precipitous cliffs and boidder-strewn 
shores. For all tliese years I had wanted to get back to secure a few 
specimens of the “plioaphnle rock” formerly “mined” here for our 
late chief geologist, Dr. William F, Foshug, who had always wanted 
some of it. This year I was able to gratify that ambition; the sea 
was calmer, and tho surf asliore far less forbidding. Tlie captain 
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ftqspriHhg^ Dr. Clftrke and 1 made it for a few hours^ with Dfttiny 
Thomson as boatman. While I worked the shore among the boulders, 
Clarke seal td the be ights np a steep, narrow gnlly or rift. He retraced 
his steps a hit faster than he went np, riding a rock slide that he 
started in his descent. Though neither of our collecjtions was at all 
eilensire, we must have set up a number of records. Both of us got 
samples of the desired phosphate ^'orc,” Clarke at the upper end of 
a former cableway tliat brought down the rock to the long-demolished 
pier, end 1 from the dump at the lower end, where remained still a 
lot of rook and debris. 

IfeAia is the island on which Alexander Hamilton was born, but 
all that remains of the rtpntjcd site of his home are bits of foundation 
w^^Us and a few stone steps. On this day Dr. Chaco and I were pitied 
by (he entomologist and botanist, who, as usual, headed for the high 
point; on Kevis this k the precipitous truncated cone that dondnates 
the island, Nevis Peak, with an elevation indicated (perhaps opti¬ 
mistically) on the charts as feet. Marine biologists cannot 

always understand the exhilaration reserved for the mountaineering 
biologist, hnt on thk clear and beautiful day we could indeed envy 
OUT colleagues “up the liilL” They circled the peak to its eastern 
base by road, and then, with a local guide, struck np the unrelen^g 
slope, following a single ridge to the summit. Tiie cleared land gives 
way to forest at about 1,000 feet, and from that point the ascent was 
a scramble over boulders, roots, and saturated tangles of vegetation. 
Occasionally the climbers came to an open shoulder from which the 
cultivated fields and the ghore Hue of Nevis could be seen far below* 
After three hours of climbing the party reached the summit ridge, 
above an old broached crater, which they followed to a surveyor's 
tripod on the actual summit. Several hours were spent here and on 
41 slower return trip* Here is one of the most spectacular views avail¬ 
able in the Antilles, as the whole of the adjacent island of St* Kitts, 
culminating in l^fonnt Misery, spreads northward under piled ■white 
clouds. The summit ridge of Nevis hears an excellent sample of 
Antillean “elfin woodland ” a dwarfed type of forest of which the 
component ti*ees are bent and gnarled by the wind. Epiphytic ferns, 
mosses, bromeliads, and orchids abound in this cool, wet realm, and 
rollccting for the botanist was excellent. 

Inasmuch as marine collecting at Nevis was poor, we decided to 
move over to Frigate Bay near the southern end of St. Kitts and 
investigate what appearid on the chart to be a promising reef on 
the Windward side of that island, A walk of about half a mile across 
the narrow neck of St, Kitts, past a pond where natives in feativo 
mood werr sacking blocks of salt that had erystallizjed on the surface, 
brought ns to one of the most interesting rescfx encountered on the 
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trip, A steep, sandy beach provided an underwater grandstand from 
which to view the activitsea of reef Ashes about the bases of colonies 
of Acro-pont palmata. While we were there two native Aflhcrmen, 
with spear guns and goglglaS) wended their way across the flat tops of 
three coral growths to the outer edge of the reef a couple of hundred 
yards away as confidently as a woodsman might follow a forest trail- 

As the long haul to Tortola would take us over the Saha BanK, 
we had planned a few dredge hauls on it. For us fortunately the 
great underwater plateau in some places reaches to witliin 6 to 9 
fathoms of t.ha surface. The ground fishing attempted by tlio crew 
drew a blank for reasons unknown to us, but the dredging exceeded 
all expectations—it w*rts tlie best of tlie cruise. 

Farther along and much nearer Tortola, we stopped briefly on 
Virgin Gorda to work over another ridi littoral fauna in Gorda Sound, 
and to permit Drs. Clarke and Smith to ascend Virgin Peak (1,3T9 
feet). They found no part of this hill with its original vegetation 
cover, but nevertheless the secotid-growth thickets and woods dis¬ 
closed botanical and entomological components of considerable inter¬ 
ests A further stop was made near the western oslremity of Virgin 
Gorda to visit the locally famous “Baths.’* These are veritable indoor 
pools open to the sea but sheltered in “cHambfita** formed by the most 
gigantic boulders any of ns had ever seen, Tortola is another of 
those islands, like Barbuda, that few people over visit unless they 
have special business there. Here the last mountain, Mount Sage, 
1,T80 feet high, was climbed by Clarke on his last hunt for insects 
on this expedition. 

It is a small world after alL Mr, May, in 1947, was the proud 
owner of a very tine yacht, tlie Caribe^^ which he later sold, but tUia 
very day of April 18, as we were bowling along with a fair breeze 
through tho beautiful, blue, island-studded water. Sir Francis Drake 
Channel, bound for St. Croix, Mr. May, who was watching sails on 
the horizon, exclaimed, “There’s the C'arSea “How do you know T' 
“I sailed her too long not to know the cut of her sails anywhere.” It 
was the Csrtbeet In response to a radiotelephone request the present 
owner kindly brought her over so that we might photograph her under 
full sail. A once-in-a-lifetirae happenstance—our boat being there 
and for a brief spell sailing the same course in the same direction. 

It was with sincere regret that we liad to pass up St. Thomas and 
St, John of the American Virgin Islands, but time was running out, 
as did our charter of the FreelUTU^f too, in Cliristiansted, St. Croix, on 
April 19, 1956. Captain Nicholson most kindly granted as several 
days' grace to get our speciinons packed as the expeditionary party 
eeattered. Mr. May enplaned for Puerto Eioo and Dra. Clarke and 
Smith for tho States and the Museum, to which Dr, Chace and I were 
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flj5o returning with the culiecting gear and pictled Bpeciinens by 
glower trunq>oi'tT the Alci^a /Gunner. 

All in all^ Uic Smltlisoniaii-Bredin Expedition on the Fre€l<moe 
cavi?red, as u ship Ejiils into the miid^ perhaps a thousand miles be¬ 
tween Trinidad and St* Crois^ and from one to anotlier of some 2S 
islands or islets, rocks, or reefs on the way. Biological collections were 
made on or about most of theni^ bottoni sumpks were taken at 15 
d liferent anchoragesi, and samples of soil for biotic assay at 38 lo¬ 
calities. The entomologieal aspects of the expedition were concerned 
primarily w lUi obtaining material fiom an area that is rather weakly 
represented in the national collection Much infomiation on distri¬ 
bution and ecology, and some on habits and life histories were obtainedj 
but the dlstribntiomil data were by far the most important 

The various materials collected at tliis writing are etili far from 
being completely sorted and critically identified. Included are over 
4,000 specimens of plants, more than 18,000 individual specimens of 
Microlcpidoptera and otlier insects, over 27,000 marine invertebrates 
of various kinds, si'-u anenionce, corals, polychaete worms, shrimps, and 
crabs, and tlieir smallBr i^lativea, and many mollusks, squids, and 
octopuses. Among this maleriul are many httle-known or imdeseribed 
species. The hshes aived for the Museum’s ichthyological eollec^tjona 
numbered 1,700—a not insignificant showing for five ^kollectors’^ for 
a 5=^-week period. 

The Institution is again immeasurably indebted to Mr, and Mrs, 
Bretlin for underwriting this second of their recent scientific expe¬ 
ditions undertaken for the enliancement of the study collectiong of 
the United States ?fationii3 Museum. 

Of course, there was nmch more to tlie trip thnn k, or can be, re- 
cQunteH:! in Uicse few pageSL We have sot forth, briefly annotated, the 
greater pjirt of ottr itinerary and st few of our experiences. I cannot 
refrain from citing one quotation quite typical of the natives^ phi- 
losopliy throughout the islands, lifted, with apologiess, from a little 
real-estate folder distributed in Qiristiansted: *^Only go many dollars 
on St. Croix—mon kill heself try get more'n he share.” 
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That man cliaDges the face of Ttnfiire may be noted by any casual 
observer* not even the ablest and most experienced acbolar can yet 
estimate just how far this has reclothed the worlds Whole landscapes 
are now occupied by man-dominated (and in part by man-created) 
fatmas and Soras, This proces beg^ui so long ago (its beginnings 
being certainly as old as Homo and has produced results of 

such complcjci ty tiiat its accurate interpretation must await research 
as yet scarediy begun- Though answers to many basic questions re- 
miiin unknown, they are by no means unknowable. 

The aYerage thoughtful person has little inkling of thb reclotliing 
of the world; even professional biologists have been tardy in recog¬ 
nising that in the last analysis a significant portion of tha plants and 
animals which accompEiny man h directly or indirectly of his own 
making. The orduaaiy American supposes tliat Kentucky bluegrasa 
is native to Kentucky and Canada bliiegrass native to Canada- A 
few historians and biologists know that these grussca (along with much 
of our meadow and pasture vegetation) came to us from Europe* The 
research scholar inquiring critically into the question realizes that 
some of this Tegetation was as much a Neolithic immigTation into 
Europe as it was a later immigrution into the New World- Like Ken¬ 
tucky mountaineers, this vegetation has its ultimate roofs in Asia, and 
spread into central and western Europe at times which, biologically 
speaking, were not very long pgo- 

It is obvious that landscapes aueU as the American Com Belt have 
been transformed by man. Other man-dotninated landscapeis do not 

^ Beprlntcd bj jierwisalon Irnm Mau'j UoIp in ClmnglBg the Face of the Enjlh, 
imhUahed imd copjriRhteil by tho tJolver*ltr of ahlea£i:i Proea far the Winner- 
Cren Funiaiiitloo for Antbropolc^cal Besearcb, 10£16, 

4ei 





462 ANm^AL RELPORT SMITHSONLIN INSTITCFTION, lOSfl 

betray their origin to the casual observer. Take the grasslands of 
California, the rolling Mils back from the coasts the oak-dotted savan¬ 
nas of the Great Valley. Here arc stretches of what look like indige- 
nous vegetation. Much of this mantle is not obviously tended by man; 
it has the look of something thitt has been in California as long as the 
oaks it grows among, yet the bulk of it came, all uninvited, from the 
Old TTorld along with the Spaniards, Most of it had a long history 
of association with mail when it made the trip. Wild oats, wild mus¬ 
tards. wild radishes^ wild fennel—all of these spread in from the 
MediterraJiean, yet over much of the California cattle countiy they 
dominate the landscape. Native plants are there, even some native 
grasses, but it takes a well-informed botuniat going over the vegetation 
item by item to show liow sitiall a percentage of the range is made up 
of indigenous California plants. 

For tiiose parts of the Tropics where plants grow rapidly it will take 
careful research before we can have an informed opinion about such 
questions. 'Chom scrub, savannas, bamboo thickets, weedy tangles of 
quick-growing tre^ and shrabs are known to have covered vast areas 
in the lost two or three millenniiiniE. Yet Stamlley, our greatest 
authority on the vcgetiition of Central America, digging up a small 
tree in what appeared to him to be a truly indigenous forest in the 
Lancotilla Valley, came upon a layer of potslierds (Standley, 1031), 
What is the relation between the supposedly wild avocado^ of such a 
forest and the avocado.^ oaten in the village that once covericd that 
site? We now have various techniques (pollen profiles, carbon-14 
datings, chromosome analysis, e^ttrapolnted correktes) which can give 
critical answers, but they are time-consuming, and tlieLr application 
to such probleiits has just begun. 

The total number of plants and aninialsi that have moved in with 
man to any one spot on the earih^s surface is way beyond what even 
a biologist would estimate until he looked into the prablem. There 
are the cultivated plants both for use and for display, the doraestitated 
animals, the weeds, and their animal equivalents such as houseflies, 
clotlies moths, rats, and mice. A much larger class comprises organ¬ 
isms not purposely intioduced by man, wliich are neither eyesores 
nor plagues, but which, like we^ls, have the capacity to get along 
in tnan^s vicinity. Such are the dairies and yarrowy and buttercups 
of our meadows. Such., in a sense, are even those native Bx?ecies that 
spread under man's influence. Take, for e:^ample, the sunflowers of 
Wyoming. They are certainly native to North America and may pos¬ 
sibly in part be prehuman in Wyoming- They Une the roadways yet 
seldom are elsewhere prominent in the native landscape. Tliey ap¬ 
peared along with the road, even though they may have moved in -from 
not so far away. But how did they get into the spot from which they 


463 


MAK as a maker of VEVr PLANTS—ANDEaBOlSr 

spread, and did pioneers or primitive man have anything to do with 
making this previous niche? This is the sort of question we are now 
making the subject of decisive experiments; we do not yet liave enough 
results for decisive answers. 

For micro-organisms the problem of the species that travel about 
with man staggers the imagination. Micro^jrganisms seemingly fall 
into the same general categories as macro-organisms. Brewers’ yeasts 
are as much cultivated plants as the barleys and wheats with which 
they have so long been associated for brewing and baking. The germs 
of typhoid and cholera arc quite as mucli weeds as are daudeliona or 
Canada thistles. The micro-organisms of our garden soil are appar¬ 
ently the ^mp mixture of mongrel immigrants and adapted natives 
as our meadow and pasture plants. Soils are good or bad quite as 
much because of the microcominunities they contain as becauM of 
their composition. Man’s unconscious creation of new kinds of micro- 
cirganisms is an important part of his total effect on the landscapes 
of the world. Think, tlien, of this total composite mantle of living 
things which accompani(» man: the crops, the weeds, the domesticated 
nninrink, the garden escapes such as Japanese honeysuckle and orange 
day lily. Hie thorn scrub, the bamboo thickets, the English sparrows, 
the starlings, the insect pests. Tliink of the great cloutE of algae, 
protozoa, bacteria, and fungi—complex communities of micro-organ¬ 
isms tliat inhnbit our soils, our beverages, our crops, our domesticated 
anim als, and our very bodies. 

If we turn to the scientific literature for on orderly summary of 
where these species came from and how, there is a deprofsing lack of 
information. Tlic crop plants and domesticated animals have been 
somewhat studied, the ornamentals and the woods scarcely investi¬ 
gated. Even for tlic crop plants one notes that for those that have 
been the most carefully studied—^wbeat (Aase, 1946}, cotton (Hutch' 
inson et aU mabra (Mangelsdorf and Beeves, 19fl8)^here is 

now general recognition that their origins, relationships, and exact 
histories are much more complex problems than they were thought to 
tie a generation ago. In spite of these w'ide gaps in our knowledge, 
I believe the following generalizations wdll stand: 

2 ^ tiig major crops and most of the minor ones were domesti- 
cated in prehistoric times, Modern offricultvref classified tolehj by 
the plmis it iWM, m Neolithic atfruntltufe. 

2. For none of the major crops can we point with certainty to the 
exact species (or combination of species) from which it was derived; 
for some we can make guesses; for a number we can point to closely 
related weeds. This merely compUcatos the problem. We then liave 
to detemune the origin of the crop, tbc origin of the weed, and the 
history of their relationships. 
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The TTorld^B knowled^'ie of crap plaoL^t, in other words, does not teU 
ti3 very much. All we know is tliat we are dealing with man’s efFects 
on Certain plants in the ^eol ithic or before. Tet for weeds and ornft* 
mental plants even leas Is tnown. A few general obserratlohs may 
be offered, parenthetically, about their origins. 

1. We can now point to crops that are deSnitely known to hare been 
derived from weeds. For instaiuie, rye as a crop originated from a 
grainEeld weed (Vavilov, 1926). As barley and wlieat spread farther 
north onto the sandy Baltic plain, the weed gradually replaced the 
Crop, rhe^origin of lye as a weed is n far older and more complex 
problem. Stebbins and his students are far enough Into it to tell us 
that it is a story with several chapters, most of them unsuspected until 
recently. 

2. IVe can point to weeds that originated from crop plants. The 
bamboo tlilckets that cover whole mountainsidiss in the CnribbKtn 
came from cultivated bamboos. It now seems much mora probable 
that teosinte the weed was derived from maize tlie crop than that 
maize was derived from teosinte, 

3. Crop plants ami their related weeds frequently have n continu¬ 
ing effect upon each other, iVe have documented evidence of weeds 
increasing their variability by hybridizing with crop plants and of 
crop plants consciously or uneonsciousTy improved through hybridi¬ 
zation with weeds. These processes recur n>peatedly in the histories of 
weeds and crap plants. For wheat it is clear tiiat a minor grain was 
m very early times built up into one of the world’s great cereals 
through the unconscious incorporation of several weeds from its own 
fields (AnJereem, 1932, pp. 57-6<t). 

As a whole, oriiamemals (though little studied as yet) provide the 
sunplest keys and the dearest insights into the basic problems of do¬ 
mestication of any class of plants or animals. Soma have been do¬ 
mesticated within tlio lost century—the African violet, for instance- 
hut are already distinct from tlie species from which th^ arose. 
Suih recent domesticateE provide unparalleled experimental material 
for determuung what happens to the germ plasm of an organism when 
it is domesticiited. Others of our gardeu flowers originated m 
historic times, llicy seem to have been associated with made and 
ccreraonyj some of them may have been wUh us for as long as or e^-en 
longer than our crop plants. Take woad, Uafi^ tmetoria, now known 
only as a garfen flower, though it persisted as a commercial dye 
plant until ^ctorian times (Hurry, 1930). -When Caesar came to 
rjtain, ^ found our semisavage ancestors using it to paint their 

'>th(sr ornamentals Amaranthus, 

whose earlier associations were with dyes and body paints, 
Which IS old^ri agrit^ultiire or body pdinting? 
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The ctjUivated gmin aiKarantha (knoira to the Western world 
mainly through such bizarre late-summer annuals aa loTe-lic^bleed- 
ing) demonstrate that we shall be in for some rude ahocke when we 
make seriuns studies^ of these apparently trtiriAl plants, D- Sauer 
found (1950) that this whole group was domesticatej divisible into 
several ditTerent species, none of which could equated to any wild 
amaranth; that the whole group was of American origin^ and tlmt 
the varieties cultivated since ancient times in Kaslmiir^ Clvinaj and 
Til>et were not (as had previously been taken for granted) derived 
from Asiatic amaranths. They are instead idoiitlral witli those cul¬ 
tivated by the Aztecs and the Incus. 

It is now becoming increasingly clear that the domestication of 
weeds am] cultivated plants is usually a process rather than an event. 
None of them rose in one leap from the brain of Ceres^ so to speak. 
The domestication of each crop or weed went on at various times and 
places, though by bursts mthcr tlian at a regular rate. For many 
it still continues. Our common weed suTiflowers^ for csample, are at 
the moment being bred into super weeds. In CaliforniaT by hybridiza¬ 
tion with a rare native sunflower, these weeds are increasing their 
ability to colonize the Gi'eat Valley (Hoiser, 19-10). In Te^as 
(Heiser, 1051), by similar mongreliaations with two native species,, 
tlicy are adapting themselves to life on the sandy lojids of the Gulf 
Coast (see figs. I, S, and Z). 

The story of the American sunflower is significant because it demon- 
states the binds of processes that went on in the Stons Age and 
before, when our major crops were domesticjited. It is besrause the 
domestication of weeds and cultivated plants (using the word “do¬ 
mestication” in its broadest sense) is a continuing process that it came 
to my professional attention- Thirty year^i ago I stalled out to study 
(and if |>ossible to measure) such evolution as was still going on- As 
I analyzed example after e.vampk, the fact becanie increasingly clear 
that evolutionary activity is concentrated in fthough by no means 
confinecl to) dLsturbed hahitiats—to times and places where mans 
interference widi the prehuman order of things has Ijcen particularly 
severe. Poet-Pleistocene evolution, It sseenis, has been very largely tlie 
elaboration of weetilike plants and animals. 

Now why should this be? VTliat is there aboiiL the presence of man 
that stimulate?; his plunt and animal companions into jncreiised evolu¬ 
tionary activity i A growing body of observational and experimental 
data bears directly u[)on that que^ftion; rather than summarizing it^ 
let me describe in considerable detail one particularly illuminating 
example. It ooncemes the hybridization of tAvo California sj>ecies 
of wild sage, SaMa apiana and cf. mellif^ra. They have been meticu¬ 
lously studied by Epling—in the field (1947) j the herbarium (1933)^ 
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Figuie — (For eiplnnitlDUf bk oppoeite pagt.) 



Ftcuis 3.—(For wplanidon, oppoiite paie.) 























MAN AS A THAJCEH OF NEW —ANDERJSON 


467 



Fictume 


Figdil£5 U 2i »nd J,—A iiEeramm-atic and fimplifieii deropflstratbn of the extent 

to which tbe JomefltioatiDn of the lungqwicr ai x coltlTAtcd plant and iu development sj a 
weed Are procetse* rather than eventx. Data from Heiwr (1949^ 1951) and personal com- 
municationi^ and from my own qbicrxxtioni. The hifltoiy of the eultIvAted eunBowerp 
compljeated though It h ihown ta bep will be simpler than that of moit cuJiivated planis 
when thcH? hlatoriei have betn worbed out in accurate and documeated -detalL Vanom 
camplicalkin& ha^-n been Ignored altogether to keep the diagrun Intehlgiblc^ Ae^ br inatanre, 
the comdnulng hitcrrrpgHLng between the ^'cnmp-iDllawcr" weed and the cultivatEd qrna^ 
mental and leld-crop sundowen^ 

Ficuas L—Annual ipectes of N'orth American lunflowrn ai presumed to have exiited in 
prehuman rimes: (f) IltHanihus mfi/p a highly localized endemic in the serpentine areas 
of California; II-. pt£iitl&n-roTi bare sandy aiexB in the wcEtcm Great FlainG; (J) dnnVBLr 
in playai and other raw-wU habitats gf the aouthweBtern deserts; /A argiifpkyUiti on the 
iandi gf the TcUi coastal plain; and (5) dfbitu m Florida and Texas. 

Fjouxe 2,—Hypothetical origin of the North American sunflower as a w«d and as a 
ruklvatedl annnal in pre-ColumbiAii tltuea. In the areas where annmiu and pritpfan/ had 
begun m intfogreeip this piDcen ii being uDCOUScioutly acederated by the icdvitiet of early 

nTaTi„ 

Figuxx 3,^—Spread of annual species of North American sunBawen m modern times. In 
the Great Flams extensive inirogression of ennuu! and ptstQimii produced the Great nains 
race of H'tidnlkui dnn uitr, which has spread east ward through the prairies as a somewhat 
weedy native. The cam^foifower weed {BometiEileS lUiXeJ with Great Ptalns annitilr]| hai 
spread ai m weed throughout the Emt and to hrigated lands in the Wean In CxHfnrnifl^ 
by citcnive and pontinulnB introgressloa with mluj It has created the «miw«dy /f- 
bolajidfrii which is Still actively spicading. Slmliarly on the sands of the Tciaa ooasi and 
the Cairian ridgei arSOphyUlU Is mtingrcsBing acrivety with if* annaiu to produce Weedier 
stTolni. O^ner an even Wider area In Texas exteiuLVE Introgmsion of anitniti, paiolmv, 
and cutArtUTifclims Is pmdudug a CMital-plain weed Bunflgwtr which h actively spieadiug 
along the coast. In spots it hu already reacbed the North Carolina coastal plain. Even- 
tnally this will react actively with n.dfhUiF Vif. breeding a SnpcTWeed for the Ameri¬ 

can Southeast hut, fortunately, a not unattractive one. The Texai and Califcmila phenom¬ 
ena have already been dDojmeciLed by Heiscr 11943, 1911), and rescarrh on other facets 
of the problem ii going forward npldly. 
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the laboratory, and the experimental plot (Epling and Lewis, 11M2), 
Burton Anderson and 1 {1954:) have made an exhaustiyely detailed 
analysis of the variation pattern of several populationfl, confirming 
and extending Epling'scoiichisions. 

These two species of sige are so unlike that any ordiJiary amateur 
would immediately iccognize them as radically diffcicint plants; only 
an CKxasioTial l:>otanist would see lliat tliey ai-e really quite closely 
related and that their differenceiSj though conspicuous, are superficial. 
This was what fii-st di'ew Epiing’s attention to them* He found that 
they hybridized readily when artificially cross-pollinated. The hy- 
britls gi'cw vigorously in an experimental plot and were fei'tile enough 
to produce abundant and variable offspring. In spite of this 
fertility, hybrids were ordinarily not found in nature or occurred 
mainly at spots whej-e the native vegetation had been greatly altered 
by mating activiiies. Yet on tlie rocky slopes where tliey were native, 
thcfle two kinds of sage frcf^ucntly grew inEermingleiL Burton An¬ 
derson and I worked with samples of wild populations of both species 
BO intensively tliat eventually we could distinguish between niongreb, 
seven of whose gi^at-grandparents were from one species [tnd one from 
tlie otlier, and pliuU^ with all eight grandparents from one species- 
With tills yardstick we learned that, though the plants on the moun¬ 
tainside were prevailingly of one species or the other, yet along the 
p nth way from which we collecEed them we could find a few niorigrels. 
These were mostly plants closely resembling typical Salvia Tiiellifcm 
but slmwing slight indications of S. apiana in one character or another. 
Apparently the vei-y rare hybrids which Epling had found were not 
completely without issue. Some of them had crossed back to S. 
fera^ and, of these three-quarter bloods, a few of those similar to the 
recurrent parent had befCn able to fend for themselves. 

At one point along the path we found conspicuous hybricb rcisem- 
bling lliose produced by Epling; careful investigation of this area 
gave us new understanding. With repeated visits we gi'adually real¬ 
ized tluit these bizarre mongrels were limited to a dclirdtely eitenm- 
scribed plot having a greatly altered habitat. It wfvs at a point where 
the trail swung down along the slope. Originally a forest of live 
oaks liad abutted on the locky^ sunny slopes where ihe ealvius grow. 
The oaks had been cut and a small olive orchard planted and then 
abandoned—abandoned so long ago tlmt native plants had flowed in 
and die whole site looked quite nahiraL A collection of ^Ivias made 
exclusively from among tlie olives was almost entirely hybrids and 
hybrid deijccndiint^. Though the bulk of the plants looked somewhat 
like Salvia apiana^ there was not a single plant which in all its char¬ 
acters agreed exactly vviHi the apiana outside this plot. Furtlier- 
more, they resembled artificial backci'oases in that their differences 
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from apiana ivcre all in tlw direction of S. Tlieso ‘‘sul)' 

apianat’' gi'aded into plants cloudy resembling the fiist-geoerntion 
hybrids raised by iilpling. There were a few ^'svh-meliiferas’' Bun* 
ilar to Lhooe we had detected along the luitliway on Uie mountainside 
and a few plants which on oui' index Bcoied ua typtciil ‘tuslUf^ras. 
However, in the dold n<me of them looked quite average^ Dr. ^\iKleison 
and I had to work in St TA»uis ou pressed and pickled material pre¬ 
viously oollccted in California. Ilad we been able to go back and add 
characters such u8 llower color and Hower pattern to our battery of 
measurable di:dercnces between &. mellifeTa and S, apiuna, I lielieve 
we could have demonstrated that the entire plot was colonized with 
hybrids and mongrels, most of them first or second or third back- 
cro^es from Oie original hybrids to one or the other species. 

The resnlts indicate that hybrids are being constantly produced on 
this mountainside, but one does not ordinarily tind them, because there 
is no niche into which they con lit. The native vegetation had a long 
evolutionary history of mutual adaptation. Plants and animals have 
gradually iK'Cn selected which are adapted to life with each other like 
pieces of a multidimensional jigsaw puzzle. It is only when man, or 
some other disruptive agent, upsets the whole puzzle that there is any 
place where sometliiug new and diffcient can fit in. If a radical vari¬ 
ant arises, it is shouldered out of the way befoie it reaches maturity. 
In a radically new environment, how'cvcr, there may be a chance fur 
something new to succeed. Furthermore, the hybrids and their 
mongrel descendants were not only something new; they varied great¬ 
ly among Uiemselves. If one of them would not fit into the strange 
new habitat, another might. Though virtually all of them had licen 
at a selective disadvantage on the mountainside, a foiv of them (aided 
and abetted no doubt by the vigor which is characteristic of these and 
many other hybrids) were now at a selective advantage. Tlwy con¬ 
sequently flowed in and occupied the old olive orchard to the virtual 
exclusion of the two original species. 

Furthermore, to take up an important fact about which biolo^ as 
yet knows very lUtle, the habitat among the olives was not only some¬ 
thing now; it was open. It was not full of organisms which luid been 
selected to fit together, fiemeniber that for the mountainside, on 
those rare occasions where a first-generation hybrid plant had been able 
to find s foothold, virtually none of its Inghly variable descendants 
was able to persist. Such species crosses can father hundreds if not 
tliousands of distinguishably different types of mongrel descendants. 
Only along the pathway had amj of these been able to find o place for 
themselves atid then only those that differed but slightly from Salma 
meUifera. Hybridization docs not advance in dosed habitats. 
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The plants in the olive orchard had no such history of long associa¬ 
tion. The olives were new to Califomia. The societies of mkro- 
organisms in the soil were originally those that go with live oaks^ not 
those accompanying the salvias on the sunny slopes. These must have 
been greatly changed during the time the olives wer© cultivate A 
FurthcrmorCj the olives, being planted at considerable distances from 
each other, did not re'creale either the fairly continuous shade of the 
oaks or the open sm^ine of the upper slopes. The orchard became 
the site for evolutionary catch-as-catch-can, and under tliese cLrcmn- 
stunces, as we have seen, the new and variable had a decisive advantage. 

Now that wo know dUs much about these salvias, it would be inter¬ 
esting to work Cixperimentally with tliem and the species with which 
they nra associated to determine Just what factors allow two different 
but closely related species to fit together with their associated so per¬ 
fectly that all hybrid interznediates are excluded. From experience 
with otlier similar problems I would predict that among the most 
important factors would be fairly specific reactions between some of 
the other associated plants and tliese two sages. In our experimental 
work with sunflowers wc have discovered Uiat one of the strongost 
factors in determiniiig where weed sunflowers may or may not grow 
is their reaction to gra^. Many grasses appajiently give off a sub¬ 
stance highly toxic to weed sunflowers. The various species of weed 
sunflowers differ in tlieir sensitivity to this poison. When two sucli 
sunflowcj^ hybridise, ooe of the factors affecting the outcome is the 
grassincss of the site. Such relntioTiships seem to be very general 
among plants. On the whole* many species grow where they do, not 
because tliey really prefer the physical conditions of such a sitej but 
because they cun tolerate it and mnny other organisms cannot. 

Generally speaking, the plants which follow man around the world 
might be said to do so, not because tlicy relish what man has done to 
the environment, but because they can stand it and most other plants 
caiinoL 

Am these salvias weeds? I would put forward the working hy¬ 
pothesis that those in the abandoned olive orchard are on tlie way to 
becoming weeds. The small exceptional communities of hybridizing 
colonies similar to this one, which con be found hem and there over 
southern California, are worth consider ably more attention ihan they 
have hitherto received. Tliey demonstrate the way in which man, 
the great weed breeder, Uie great iipsetter, catalyv^es the formation 
of new biological entitle by producing new and open habitats. 

The Salvia case is net unique. We now have over a scora of similar 
wellnlocumented studies of th^ connection between hybridisation and 
weedy, disturbed habitats* This relationship had long been known 
to observant natural kts, though not until tlie last few decades was 
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its significAEice stressed or experimental work undertaken. One other 
tiramplA demonstrates the role of mans operations on the habitat. 
Hiley (1038) studied the hybridization of to-o species of Iris on the 
lower delta of the Mississippi in a neighborhootl where the land-use 
pattern had produced BomelhlDg os demonstrable and convincing as 
a laboratory experiment (Anderson, 1049; sea fig. 4). Property lines 
ran straight back from the river; the farms were smalt, only a few 
hundred yards wide, and very oanow. Under these conditions it was 
easy to see that the hybrids between these two irises were virtually 



FicUKS 4.—demomitiaUM of Biin'i iinnMl*elou* role in creiting new pUati, (From 
mifj-, 19J8,> At the tr risht one of tbc ouMf btyowi of the W«r MisKusippi T>e1i». 
Al fight anglei 10 it and miming neerty icmt* the fgunr u the abandoned channel of a 
farmer eueini, now dfeined by » diich. The batunl iernee of the tineim are elightljr 
higher than the Bumsoiidine country. Their Bharp mrwr edgo are indlcawd on the map 
by The road h»i been mn iloag fhc lower lev«, and house* have been bu3t 

along the appoeiu one- Tlie ppoperty lines (u in many old French eetdcoicntB) produce 
a tenet of long narrow farmi, which for oui purposes Berse at lo many eaperimeoial 
plots. Each farm hat iu Iwivisb on a low ridge with a bng entrance drive connecting it 
acrott a fwolc to the puhiic toad on the opposite ridge. The farmt (indtudlng a score of 
Oihcri which are out of light to the left of the figure) were arigiaally essentially rimilaf. 
At the perint where the ditch joint the biyou It a large popuEation af Irii hsafoxa pgttnli- 
fonulta. Behind the levee on which the honBct were built, l.fuha grows on the lower 
ground ai wdt at farther upitream along the ditch, The key fact ta be noted it that 
the hybridt are on only one farm, that they are abundant there, and that they go np to 
the very botdeii of the property on either tide. Nature it cvideocly capable of spawn¬ 
ing sudi hybridi throughout thii area, but not until one farmer uncoMdauiIy created 
the new and mare or less open habitat in which they could survive did any appear La thlt 
part of the delta- (See Andenon, 1949, pp, l-11, H-9S, for a more complete diacuttion.) 
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limited to ooe ffirm. They grew in a swale which croased several 
of the farm?, yet were neiidy all on one maira property. On hh 
farm they went right up to the fenoes and stopped, and thta could 
be demonfitrated at either side of his property* Unlike bis neighbors, 
he had kept the aivale heuvily pastured. His cattle had held in check 
tJio grasses which are serious competitors of swamp irisesL They had 
also, tEamping about in wet weather, turned the swale into more of 
u quagmire tlian eiisted on any of the neighboring farnis^ They liad 
at length produced an open environiiient in whicrh the pasture grasses 
were iii a disadvantage and tlie resulting hybrid a warm of irisea at a 
very real advantage. Ilybricb in various pattern? of terra cotta, 
wine, purple^ and blue flooded out Into this swale until it bad almost 
the appearance of an intentionally created iris garden. 

Though Eiley never published the sequel, it might be inserted here, 
parenshetically, since it points up some kind of Ji moral. Tlie farmer 
himself did not remove the irises, even though they interfered seriously 
with the carrying capacity of hia pasture. The Irises were con¬ 
spicuously beautiful, and garden-club members from K^ew Orleans 
dug them np for their gardens, at so mucli per basket, until tliey 
wei-c eventually exterminated. The hybridi;:ation that nature began 
in this and other pastures around New^ Orleans has been continued 
by Iria fang, Tliese Louisiana irises are now established as cultivated 
plants l>oth In Europe and in America, Until I ho iirrival of the 
garden-club ladies, they were nascent weeds (%. r>). 

A little reSective observation will show tliat the ways in wliich man 
creates new and open habitats, though various, can mostly be grouped 
under a few heading? i (1) Dumps and otlier high-nitrogen areas; (2) 
pathways; (3) open soil; (i) bums, Tiie laet is probably the oldest 
of his violent up^tting? of tJiie natural order of things. It must have 
atiniuhited evolutionary activity very early—whole Ilorus or ceitaiuly 
whole asaociations must have come to a new adjustment with it bore 
and therv; fire should be, of all man-s effects upon evolution, the moat 
difficult to analyze* Until valid experimental and exact historical 
methods deal with this problem, it inevitably must spawn more polemic 
activity than scientific analysis. 

Ill contrast to fire, the creation of open-soil habitats as a really 
major human activity belongs much more to the ago of agriculture and 
Industry than to prehistory. It may be that is why it seems to be the 
simplest to analyze. In Europe and eastern Jforth America, in the 
humid Tropics and sub-Tropics, open soil—bare exposed earth—is 
scarcely part of the normal nature of things. Afost of the flora truly 
native to these areas cannot gerininate m open soil or, having germi¬ 
nated, cannot thrive to maturity. Make a series of seed collections 
from wild flowers and forest ti'ees and plant them in your garden Just 
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like mdiahes or lettuce. You will be aninzed to loam how small a per¬ 
centage of them ever comes up at all. Make similar collections from 
the weeds in a racaut lot or from the plants (wanted and unwanted) of 
your garden. Kearly all of them will come ttp promptly and grow 
readily. Wliere did tliese open-soil orgiinisma come from in tlw first 
place, these weeds of gardens and fields, these fellow travel era which 
rush im after the bulldozer, wiiich flourish in the rubble of bombed 
cities 1 Well, they must have come mostly from prehuman open-soil 
sites. River valley did not supply nil of tliem, but rivers are cer¬ 
tainly, next to man, the greatest of weed breeders. Our largo rivers 
plow their bunks at flood times, producing raw-soil areas. Evety river 
system is provided with plants to fill tills peculiar niche; nil those 
l^iown to me act as weeds in tlie uplands. One of the simplest and 
clearest examples is our common jiokewecd, Phyttytaeca ameWcano, 
native to eastern North America. It will be found growing up abun¬ 
dantly in the immediate valleys of our rauior rivers (Sauer, 19521 
see fig 6). On the uplands St is strictly limited to raw soil, tliough, 
once astablidJied in such a habitat, it can persist vegetatively for a 
long time while other kindij of vegetation grow up around it. Being 
attractive to birds, its seeds are widely scattered. 1 remember, from 



h V tieMfigona figantl-catrul*D 




HybritI* 


L—Sepals and petMh af tome hjhndi ol Irii gigansUarrttifA tad /./jfiw, 

lomewtat dbefunmiiic Iwt tenirtwiy tp ictlc. Id ettb caw tJte lepal (the ao-citted 
"faEi" of irij fanders) Efl thovn to lie left; the petal, *^fiiiadird/* to ih* right. 
haft I mall hi ttrra cott» Kpah aiwl pctalt. L fifdniwAuruirii hat Urge criap 

pciala and iepah pf bright htite. The scpsl bai a bflllhnt ydlow wgnal patch (*h(^ 
In bhdi} iuimundKi hy a white aiea (fthnwn by itippksl ihadlng off into the blue Note 
that in the tranotii hybridi the iniill-iiztd flqwcn (diarac:tcriiric of /./aifit) tend to be 
ftAftodatjed with the lack of a white area (another /uJw eharaocriiuc}. Note the Taria- 
bdity of the hybrSrii, In color they varied horn deep miic to ver^^ pale ligbt bUt 
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my Michigan boyhood^ how poke weed caina in when a woodland near 
our home was lumbered over. We had never noticed this weed in 
that communityj but tho birds had been planting it whei^ver they 
roosted. When the felling of the big oaks tore lesser trees up by the 
roots^ pokeweed plants appeared as if by magic for the nest few 
years in the new craters of raw soil Man and the great rivers are in 
partnership. Both of them ara npsetters. Both of them breed weeds 
and suclilike organisms. The prehuman beginnings of many of our 
pests and fellow travelers are to be sought in river valleys. River 
valleys also must hav^e been the ultimate souroa of some of the plants 
hy wldch we live: gourds, squaslxes, bean^ hemp, rice, and maize. 

The examples of the salvias and irises show how quickly evolution 
tlirough hybridization can breed out something new and different 
under niairs catolytle inSuence. Wliat we should most like to know 
i? the extent to which weeds and similar organisms, created or at least 
CAitensl\-ely modified through man’s influence, are built up into whole 
associations. It is clear that such things can happen ; the uiaqui vege¬ 
tation of the Meditemincan, the and karst vegetation of tlie 

Balkans, the carhon scrab of Central America, are obviously very 
directly the results of man’s interference. One would like to analyze 
the dynamics of these associations. We must do so if man ia to under' 
stand his own past or to be the master of his own futnre. For euch 
purposea we need ways of studying vejgetation w'hieh are analytical aa 
well as merely descriptive—methods not based upon preconceived 
dogmas. I should like to suggest that the metheda used in analyzing 
the Iru hybrids and the Salvia hybrids, if combined with other esperi- 
montal techniques, would allow us to get a long way into these prob¬ 
lems. Let me illustrato what I iiieau by describing oonie recent studies 
of AdenoEtema^ a. Gre-rcsistant shrub, wdiich is a common component 
of tlie California chaparral ( Anderson, 1054). 

Between the Great Valley and the Pacific Coasts Adenostmiyx 
f{^€ioulaluiTi is one of the commonest shrubs in the California land¬ 
scape. Noting that it varied conspicuouBlj from one plEmt to the 
next, I made collections of it near Palo Alto and applied to them the 
methods of pictorialized scatter diagrams and extrapolated corre¬ 
lates. The details of these techniques need not concern us here, since 
they Imve been ad-j^uately publislied elsewhere, botli in technical 


FiGtTHE £. — Occunvcicc of pakrwbcil la two diUctmt hs^bluii. Fokeweed 
nmAvdiui) \a atn example of a spedn wbick ix apparfinily nativt In die open toil aloo^ 
.American rivcri but a W«d In the open boiI of diitnrbtid hdbitats. [Map from Saner, 
S9S2-) SmaU doti ncprctent tingle pknte^ Lar^c dpti rcpPHcnt five pianu. It wHl 
be leen that the pokeweed eb octnrrin^ m two qnite different Iciada of hibitatiT iiE the 
riw aaU of lepcatedtv fiooded woodliadB OQ the immediate banlu of ihe nver and ai a 
weed aroEEnd farm bulLdinglp Ig^rdcine, the like. (Sec Saiicr, for fiJnher detaUl 
and dltCUadoTl.) 
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journals and In books for the intelligent public. They allow us 
(through a meticulous exuiuination of variability in such mongrel 
complexes na the salvias of the abandoned olive orchard) to determine 
preciEelj tiie good species (or subspecies or varieties) from whicJi 
fhei^ conipleses must ultimately have arisen. Furthermorej though it 
takes considerable Itnrd work^ these nvetliods can be used successfully 
by one with no previous knowledge of the organiams or of Uie faunas 
and floras fmm which they may have come. 

Using these method^!, I Imve shown that the cxjmnion Adc^iostotjui 
of coastal Ciilifornia arose from the hybridization of 
two very tlillerent adenostomas. One of these vfm fastnmdatum 
var. dbtusifolium^ a low-growdng shrub of the headlands and islands 
along the California coast The other is now found in its purest form 
in the I^tntlier l^ode country of the Sierra foothills, a tall, branching 
plumb which, when in flower, somewhat resembles u amall-kaved white 
lilac. Each of theae had its own contributions to make Lo life in 
coastal (California. The coastal shrub bi'ouglit in a tolei-ance of bril¬ 
liant sunlight and the ability to grow in thin, rocky soil* However, 
it wfis accustomed to fog and drizzle even during the dry season. Thu 
inland form could go months witliout a drop of water, but it is used 
to deeper soil and to less extreme nidiation. \Mien these two centers 
of variation had been identified, it was easy to demonstrate that the 
common Adenostonu^ is a great, plastic, hybrid swiirm. including ap¬ 
proaches to these two extremes and many intermediates betwoen them. 
On dry, rocky ridges in sites that are frequently foggy, one finds plants 
very chise to the island extreme. On deeper soils and in the shade 
of small oaks are bushes Ec^rcely different from thos^ of the Mother 
Lode country. Around old ranch buildings and in other peculiar 
habitats one finds strange and bisarre recombinations of various sorts. 

Just as these studies came to a close and it was time for me to leave 
California, I realised that many of tlie other plants in the chaparral 
association were similarly variabk. There were swarms of hybrid 
oaks and hybrid eeanothus and hybrid manzanitas. The entire asso¬ 
ciation scemeil to 1>0 in a state of fins. Unlike the coastal sages ’ivhich 
I had studied in snuthcni California, there was room for hybrid re- 
combinations within the association itself. The entire dmparrol 
seemed to be ecologically in the same general class of disturbed habitat- 
os the abandoned olive orchard. 

I do not wish to jump to conclusions from one small c_tperiment. I 
would merely suggest that these methods are appropriate for the anal¬ 
ysis of such problems, particularly if combined with experimental 
work (for instance, the removal of a single species or species complex 
from a small area using modem herbicides followed by mGasureraent 
of the effect, of tliis removal on the other complexes in the association). 
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Here is a field in whicli ire could very rapidly gat down to somo of 
the basic prineiplea concerning clo^d versus open habitats. In tny 
opinion^ the degree to wliieh &ach assocUtions os Uie California chap¬ 
arral are manmade h a better subject for study than for debate. They 
have certainly been greatly affected by man. To learn to what degree, 
I should prefer to look for more facts rather than to listen to more 
opiiuons- 

Even ainnng biologists there has been a strong tendeiioy to avoid 
such problems—to study the plants and plant association of mountain- 
tops and jungles rather than those of dooryards and gardens^ to think 
of plant and animal oommuiulies as they must have been in some bliss¬ 
fully innocent era l>cfore the advent of man. It seems to me far 
healthier and far more logical to accept man as a part of nature, to 
concentrate one’s attention as a naturalist on msm^s activities, since be 
is the one species in the w^orld we most nearly understoi^dn It is be¬ 
cause we know from inside ourselves the problems in which man is 
deeply involved that we appreciate their bewildering complexity; 
experliiicnts with laboratory insects would not seem ao beautifully 
simple if W 0 knew as much about Uiem os we do about man, Tlie popn- 
1 at ton genetics of garbage-pail flies (Dobzhansky* 1049) would appear 
more complex if we understood from within what it is like to be a 
Drosophila. The apparently standardized environment of flour in a 
bottle {Park, 1938) would not seem undifferentiated to any investi¬ 
gator who had once liccn a flour beetle and who knew at firsthand the 
complcxitiea of Soor-beetle existence^ Imagine a nonhuman investi¬ 
gator of human populations recently arrived from ilars> What could 
he understand of the relationships of Catliolics and Protestants ? How 
long would it take him to discover that^ though most of the sliortest 
girls in New York City get married, the very tallest seldom do i Hav¬ 
ing discovered ihia phenornenon, how much longer would it take him 
to understand St^ Wlien we attempt to work whh laboratory insects, 
our Ignorfincfl of tlieir social complexities makes them seem far sim¬ 
pler materiid than they really are. 

I must confess that when, from being a student of variation in 
natural popiiiations, I was of necessity led to being a student of man's 
upsetting effects oa his environment, my own thinking was too much 
coloi'ed by tliia attitude. Only gradually did I come to realize that, 
though man is now the worldb great up^tter, he is not the first. 
There were others before him, and tliey played a similar role in ovolu- 
tioiL Stebbins and I have recently suggeste<1 (1954) that the great 
bursts of evolutionary activity in the past, the times of adaptive radia¬ 
tion, were caused by such upsets. The formation n&vo of a great 
fresh-water lake such as Lake Baikal produced a new- and open habitat 
in which the organisms from various river aystema could meet and 
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mongrel ize and, under the l^and of selectionj evol™ ns rapidly into 
new padiB as did the salrias in tlia abandoned oUtg orchard. Wliat 
must have happened when the first land Tertebrates at last arrived 
on continents whose Tegetation had no esperknee of such beastEl 
TVliat occurred when the giant reptiles of the Jlcsozoic churned like 
gigantic buUdos^ors through the femy swamps of that period? Must 
not the plants of those periods Iiave gone through the same general 
experiences as are now facing the adenostomas of the California 
chaparral! 

Man has been a major forcso iu the evolution of the plants and am- 
mais that accoInp^iny him around the world, in the midst of which 
he largely spends his days. The detailed study of this proceaa (X) 
should illiuninftto for us the course of evolution in prehuman times; 
(3) should be as well one of our truest guides to the history of pre¬ 
historic manj and (3), most importantly, should enable us at last to 
understand and evcntuallj to control the living world around us* 
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Project Coral Fish Looks at Palau 


By Fhzdehick M, Bayer 

United Mastum 

Smitkioniim tnsiitatioTi 

and 

Robert R* HAimY-RorE.i 
TAe Cicrsf- Virnderbiit Faandatwn 


[With pliiiM] 

We wno livr on contmeiits can rarely apprcciiLte tlie Tastnesa of 
the world^s oceans. Those of iib who may be prompted by business or 
pleasure to tmverse them learn of tlieir two-dimensional magaitudej 
but there are a few of mb who are privileged to investigate the secrets 
of the seas Cr^t-hand, by living among them. We look uptm the seas 
in their role as an environment and seek to unravel the interwoven 
facts of life within them. One of the first facts we learn is the com¬ 
plexity of their many-faceteci wonders^ and we consider ourBelvos 
fortunate when we ai^ abloj as it were, to poHsli a few of these facets 
so aa to see more clearly into them. 

Of all the seas, the one with the greatest areMt greatest depth, and 
most to tell US is that restless giantj the Pacific. Even before we begin 
to study it we tnust concede^ if not defeat, at best a draw^ for it is prac¬ 
tically axiomatic that one solution leads to another problem. When 
our words are as antif|uated fts those of the lleuaissance pioneers Belon 
and Eondclet and Mai^igli now jseem to us, people will still be learning 
new things about this watery one-tliird of our planet, 

WTien wc look upon the Padficj or any ocean for that matter^ as an 
environment, the central problem deals with the physical mid chemical 
properties of the fluid medium that make it adequate to support life. 
This is a vast field of investigation to which many people in many 
laboratories are devoting tireless efforts. We, however, as biologists, 
can devote lime to such problems only when they have direct and im¬ 
mediate bearing upon &ome question itivolving the orgiitiisms with 
which we are concerned, and even then we must rely upon specialists 
in those restricted fields for moat of the information we neetL The 

4S1 
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next problem is a qualitative one regarding the population of the sea: 
'what are these creatures; that populate the ■waters? This is a basic 
problem in marine biology; npon it depend the solutions to problems 
of economic, or ecologic, or purely biologic interest We must know 
what organisms w© are working with before we can determine how 
they live together in communities, how they depend upon one another, 
and how they affect us. 

Creatures of the sea do, in fact, affect the affairs of man in many 
ways. Many of them have served us for food since the beginning of 
mankind. When we build structures in tlvo sea for our owti purposes, 
certain of the animals and plants whose domain we have invaded nse 
those structures to their own ends and thus either destroy what man 
has made or so befoul and beclog it as to render it worthless. When 
we sail in tropic waters, other marine life—corals and algae—^has been 
there long before us and raised up an edifice that passively awaits the 
uuwarv navigator and his fragile keel. If we are thrown into the sea, 
or when we voluntarily venture into it, still others may anintentionally 
do us bodily damage or even deliberately seek us out as a meal. Most 
“dangerous” of all, to marine biologists anyway, are these that have 
such bizarre or complicated ways of life that they entice us to devote 
most of our lives to learning of them and solving their riddles. 

Since the close of World War II, interest in the Pacific Ocean has 
been increasing steadily. A number of expeditions were sent out to 
study the tropical Pacific, among which were those of the Pacific 
Science Board (Xational Academy of Scicnces-National Research 
Council) and the George Vanderbilt Foundation. Among the 
expeditions of the Pacific Sdence Board were those compriaing the 
S-year Coral Atoll Program, in some of which the present authors 
participated. 

The expeditions of the Coral Atoll Program did much to broaden 
our knowledge of life on the coral atolls of the ilarshalls, Gilberts, 
Carolines, and Tuamotus. But field team studies came to a close 
before the most interesting part of tlie Padfic could be studied: the 
western rim, the faunal gatew'ay to that vast coral world that reaches 
to Hawaii, the Galapagos, and even our own western slmree. Moving 
eastward from the Malay Archipelago and its wonderfully rich fauna, 
we find uo depletion through the Philippines, but what of the wTStem- 
most islands of Micronesia? They are a scant 600 miles east of the 
Philippine Islands (see map, fig. 1), no journey at all for sea creatures 
with frec-swunming young stages^ However, between the Philippines 
and the Palau Archipelago lies one of the greatest deeps in all the 
seas. How many of the East Indian species have been able to span 
this deep? Even the submarine ridge upon which the Palaus are 
situated, extending northeastward from the Moluccas, is covered by 
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waters too deep to serve as a aha How* water passageway for littoral 
forms. Are the Palaus eow so isoiated that spedal endemic species, 
found nowhere else, have evolved from their l^ast Indian ancestors( 
How do the reefs, the habitat of most tropkal shallow-water animals, 
as we aee them in Palau, differ from those elsow^here in Micronesia, 
and fi-om those in the East Indies ? SucjIi were the questions we hoped 
to answer when we, as part of a 4-inan teami set out for the l^alau 
Islands late in June 1955. 

PROJECT CORAL HSH 

Together, we formed Project Coral Fish, a contitiuing field pro^am 
devoted to the study of the mai'ine biology of the high islands and 
atnlls in the Tnist Territory of tlie Pacific Islands* Tliis program was 
initiated in 1951 by tlie George Vanderbilt Foundation at Stanford 
University, with the cooperation and support of the Pacific Science 
Heal'd (National Academy of Sciences-National Eeseardi Council), 
I lie Olllee of Naval Research, the United States Department of the 
Navy, the United States Trust Territory of the Pacific Islands, and 
the Smitliaonian Institiition. Aside from the present writers, the team 
included H* Adair Fehlmann, assiatant curator of the George Vander¬ 
bilt Foundation collections at Stanford University, and Sterling H. 
Pierce, technical aEsIstimt, We hoped to gather data and speclinena 
of all kinds to give xis on approximata answer to the question: What 
1 ives in the waters of Palau ? With tliis basic information we would 
be in a belter position to answer such practical questions asi What 
kind of marine lifa can be exploited for food? How can their aupply 
be conserved? What otlier marine products of economic importance 
could tlie Palauan people develop succesafully ? Wliat arc tlie dangers 
in fishing the reefs, and how can they he avoided? 

As a byproduct of our basic tusk of finding out what aiujnafa popu¬ 
late the reefs of I^alau, we studied the oornmunitieg living in various 
kinds of habitats, especially in I way am a Bay, and the strange associa- 
tions tliat develop between difTerent kinds of unimuli?; 

After many months of preparation, during which supplies and 
equipment were assembled and shipped to the western Pacific^ the four 
team ineml)«:r 3 asioanbled on June S2, 1955, at the George Vanderbilt 
Foundation headquarters on the Stanford Uni verity campus, and 
final plans for the trip to Palau wore made. Under orders from (he 
Cliief of Naval Operations, the following day we left Moffett Field, 
Calif., aboard a military tmnsport plane bound for Guam. 

Two days and tnore than SjOOO miles later, we arrived in Guam, 
where we learned tliat the expedition equipment had all been for¬ 
warded to the PalatiB on schedule, D, H. Nucker, the Acting High 
ComraisBioner of the U. S* Trust Territory of tlie Pacific Islands, with 
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whom airan^yeineats for tha espeditioa had been made months pre¬ 
vious! iasuad the permits rieaeasaiy for our trjiTei and fieldwork in 
the islands. All was in readiness. We were in tlio Tropica again^ and 
our destination w^as almost in sight. 

It was an impatient group that awaited the next weekly flight of 
the Transocean Airliner to Koror, but at last Thursday came and 
we were at the air terminal in the Naval Air Station, Agaha, early 
that morning. A few moments after Miss Thelma Gormanj of Trust 
Territory Headquarters?^ had bustled ua and tlio other pas^ngers 
aboard the Albatross amphibian and breathed a sigh of relief, w-e were 
airborne. 

The islands of Palau lie some 800 miles southwest of Guam, a flight 
of about aix hours, including stops at Ulithl Atoll and Yap. At 
tflithi, WG tonehed down on the airstrip to discharge passengers, 
where two years pj^eviously we omselvea had landed on our way to 
Tfaliik, a tiny jewel in the sea that captured our hearts aa could uo 
oilier spoL But that is another story, and we were back in the air 
before we could reminisce about it. At Yap, the lagoon is the air¬ 
strip ajid we made a water landing to discharge passengers, cargo, 
and mail- Again, after a pause of only a few minutes, we were taking 
off on the last log of our journey halfway around the world, Tltc 
next land we would see would be Palau—^first the great, hilly island 
Babelthimp, then Koror with its settlement and the broad harbor on 
which we would land. Reaching up toward us from the sea below, 
were the jagged rSdgoA of the islands we would come to know so well 
(pi. 1, fig. 1). Amid sheets of spray we settled in the green water of 
the lagoon and taxied up to the ramp that led the plane out of the 
w'ater^ A11 ast we were in Pul au. 

THE P.^LAUS 

Although the Palau Islands were discovered in ITIO by Francisco 
de Padilla and his pilot, Joseph Somera, on the galleon La Santidma 
Trinidad (and may have been sighted earlier, perhaps by Diego de 
Rocha in 1525-26 or Lopo Martin iu 1566), tlie first Europeans to 
publish an e5?tensive account of their visit were the crew of the 
British Ea9t India Company's Antel&pe in command of Capt. Henry 
Wilson, The keel of the luckless Antelope struck the coral rocks 
of the barrier reefs near Aulong Island on the morning of August 10, 
17S3. Only one man was lost, in the disaster, and the remainder of the 
crew escaped safely to up camp on Aulong. Tho castaways salvaged 
every usable item from the wreck and, although the Antelope was a 
total loss, were able to build another vwel large and seaworthy enough 
to take them all safely to JLieno. Tliia vessel, the Oroolonff^ brought 
700 Spanish dollars fabout equivalent to the U* S. dollar of the 
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L Kurmt fnzim dir ulr, with twayjiiiiJL Bay jind thr ljmnton£ iftbndi in liir dbtant^. 
abrupt headland qd the hnriion AT ri^hi k N^^dfcmeduj Polot on UmLtbipcI. 



2. LuoLinjf rait thfoUjth XgaiakiaD Pabb^ the mi tern rEUmnnc tp I way am a Bay. To tJic 
left ia Ng^p TT^iociDt KunoCp and to the right Kwannon (IigeliungA) Itbitd, whh coRloit 
NgirigtbukJ (Xgergtlbo^l) ^ck in the pits. 
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L nic IjKarr Tn Lt-hu^iE PiJ tbe narmw wcsIemti cntniicrc to Iwaj'atttii ^ Tbii 

b^isi waH nacd by ficJil F^irri^* lu rcmfUt: ioceJitipi mvcsligaBeJ U» ibt 



2. A huildln^^ That waa cmct part of ihif n)(3Itn>lo^[CaI StiTiors GH Konn-t nUW ai^LYim- 

mcKiate* bii>li)Kic?l activstiw In ihc Pa!ay Diatnct of the U, S. Tmit Tcn-Iton% “llie 
BTuund-hoof tawRitOry Iti ibr left of the mAin entrance la occupied by The George Vftinlcr- 
felt Foundation, and the apartirkerit abfrt'e (now TVEnf^etfd) pRjVadrt Eivlhg quafEerf fur 
member* of !it leld pnnin^ 
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CompnHJtc vEcrw ot iiiViivAm^ Hayp Inxikinp sourh fixjm s. riJ^e on Koror. '['Its main pjspsiiss cif water bclDn^'E tea L iJiviHiyn Jisi^ icsl riw, J), with liny 
inland 21 toward tiie middle, "nie Cwllitnl LO the \v-U » the northern end of cBljind 22. 'I’owflrd I he ceoEor^ behind island ll^ ^^[^ind 20 csn be 

frcetip WLih Eiiand 17 ta t.lie riifht. Hcmj the iharc. Ie isiund JSp whirh ill connected to Krjniar by mttnj;rovct. Small ptlchei af J and M DlvisionB can be 
seen IP ihc far left and far ripliE, nMpecttVely. Ill E|tP bre|Erriundp which ]i Aickagfll Village PU Komr^ cuETlvflcion for tapirwra and taro il visible, willl 
Isanapa trm here and there. 
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. OhithI jaTxiwfh kirJirririp paea thrciujfJi chc' i-ii_it barrier reef MhUih 2* Onr of tlie nuthpfi fijicraSillg an ll.(n.lenV 4 iIcr oincra iyi iJie kInJ 

01 iNp^reiriL'djU.^ At thil tile reef faclt* grtillly rcieitihlc UifJ tu !niikc thtic pictUira. '[litJ tvpc! pf equjpmt^nt ntflkel 

iomc VV«t [ Indian mh wirJi ?bdr *ht^^r1ilfe Ai tlic flccumtc rpcuttn^ am framSny: tif acen^H almPBi. a a my as in 

tenter is * laddtcd Cha/furjftn ^phippri*m (Cuv, phoLoi^raphy on dry Uodp 

fif V il-Ji 
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L. Diiefiif die aiidki^^na pr^parinj^ Iq dcscc-nd [n a Eelf-oantainc’d LLfidi!-ir%-jitvr 
;ir'p^n]iiii (^Lty^lung). 
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'l'1ie i^>kirful IcLlurc EEjriil, Feitin-iff ftitlutjst, 1* Ji charjcE^sriitic ipccltf* 2. Tfie niarnfln of a mf in Iwnyflmii Hsiy^ ahowinj; a Ktiiic doniinJllcd 

nn tJiP Ifmcflitnnc nEJtfhcH an |]i:iy. l>y ^fhifwphyfiia (thtr 'PX|.^AiiiaDnfil^). AIkp ar? LVrti 

ipccici h>F {otic mAHsivBi [he otflLT WliJ] dit^katc branclacd), 

rfKiUuptfrd l|:Prp and Cnjrr 







I. ShnStow mh in IwavJima Bay arc in lomc t?lacci dainirLa[i?il by the largic poritid roral 
Gvnwpara. ITic SEubby br<inch« ol its skdclon a« dracured by tIic cjccptiDiiaLly l5irj;c 
pcilyp'E^ which l^rnain citc!nii.‘tl O'cn in daylighl- Unlike nnc«it JinthuJluAll onraLi^ at can 
thui maLinjf collcctinir near it very nnple-aSilnir 


, Ttiil Specie* of muBhroom i^ral, fuAjp's acliniforwiii poiaWfn^u, has long, crreamy-yclSow 

[CP tacks fbaE Cfipaplctcty hide Eti ttony Bketemn ivhich iB rtfinHy the size of a aaNCcr. tt 
is a fiobtary polyp that never fortn* a cnkanial Blmlcton as moSL Dlticr iwf corals do. A 
emal! specimen □! a wfWise^ Ck^inuj^ ^at |a eommon in tncIoSed bay* like cam 

be seen at tic top of the picture- 
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period) wlien Bold in Macao, and stands as a tributo to British forti¬ 
tude and resourccf iiltiesa in the face of adversity. 

The English, although at first apprehensive, found no difEcuity 
in establishing friendly relations with the Palauans. Even though 
tlioy “had not on board philosophers, botanists, draughtsmen, or gentle¬ 
man Biporienoed in such scientific pursuits as might enable them to 
esamine with iudgment objects which presented themselves, or trace 
nature through all her labyrinths,” they nevertheless gave us a fasci¬ 
nating account of the islands and people and their experiences among 
them. 

Palau and the Palauans today present a far different impression 
from that described by Wilson and his men in 1T83. Although the na¬ 
tives had comp lets power over the English, they did not take advantage 
of tlieir superior position, but instead did everything possible to help 
their hapless visitors. Admittedly, the Palauans were awed by fire¬ 
arms, and the English assisted Abba Thulle (Ebndul or Ibedul) the 
chief of Koror, in some of his inter island campaigns. Good relations 
were thereby strengthened, hut it probably was not guns alone tlmt 
made the Palauans friendly. We oursclvea have been residents of 
islands where the people have had little real contact with civilization 
03 we know it, and found that they remain much es Wilson pictured 
the Palauans, with a high regard for houesty and respect for their fel¬ 
lows. Now the Palauan people have become sophisticated Eind mun¬ 
dane after 20 years of Gorman administration and another 26 under 
the Japanese, Missionaries long ago insisted that they give up their 
native way of di^ (or undress) in favor of less practical Euiopean- 
style dotiiing. Their airy, thatched houses and abais, or men's houses 
(pL 3, %. 1), decorated with colorful murals depicting historical and 
mythological ei’ents or dioll folk tales, have given way to quonset huts 
and quasi-Japanese franio structures. Their elegant outrigger canoes 
are becoming a rarity, replaced by dirty little diegel boats like the 
My Flower —anything but flowerlika—that plies between Peleliu and 
ICoror. 

The Palau jVrchipelago in the western Caioline Islands (fig. 2) ex¬ 
tends northeastward from about latitude 6®&3^ N. to S“08' N., or 
over 70 miles, at a longitude of about 134*29' E, The main islands, 
dominated by Babel thuap, lie between latitudes 7* and 7*46' N. Ex¬ 
cept for Kay angel, the noithem part of the islands is volcanic in 
origin. Oabelthuap is about 25 miles long and 8 miles wide, covered 
with rugged hills and dense jungle, rolling grasslands, sparkling 
streams and dashing water falls, (ph 12, fig. 1), and fringed with man¬ 
grove. Twenty miles to the north of it is Kayangel, a true atoll like 
the islands far to the east-, and to the south of it is tJie maze of litne- 
stoue ridges and conical islets (pL 1) that forms one of the most re- 
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markable features of Palun. llpre and (here on the edge of the reefe 
there are islets of wave-tossed coral debris and sand, much like the 
iitoll islands. Together, the Palaua offer the most diversified eollec- 
tion of marine hnbitats to be found anywhere in Micronesia. 

The Japanese recognised the iinntinal scientific opiwitunities pre¬ 
sented by tlie Palana and, during their adminiEtration of the South 
Seas Islands (XanyoGtmto),establislied nt Koror a tropical biological 
station devoted to the study of coral reefs, under the directorsliip of 
T>r. Shinkishi HataL At that time, Koror was tlic capital of the 
Japanefse mandated islands of the South Seas and was a thriving cily. 
The Palno Tropical Biological Station is no more, but we hope to build 
upon its accomplishments and contribute further to a more thorough 
understanding of the fauna of Palau. 


ACmTTlES IN THE FIELD 

Our first big Job on Kotor was to unpack and organize our field 
equipment. The territorial entomologist, Bobert l\ Owen, had gen* 
erously provided us with laboratotj space in the entomological labora* 
tory (pi. 2, fig. 2), one of the few bullet'Scarred Japanese buildings 
still usable. A rebuilt second story over the laboratory served as our 
quarters until a nearby house could be made readv for occupancy. For 
days we moved boxes and steel drums full of supplies from the district 
warchonse to the laboratory grounds, and the unpacking went on far 
into oar find; few nights in the blonds. 
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One morning while wa ware huay setting up the labarutory with 
the help of Bob Owen*s Palauan assistantej we bcc4amu nwai^ of a 
scowling stranger who at first hesitated aromiil the periphery of ac- 
tiYity, and then picked op u hammer and began energetically opeithig 
boxes. This was Eikrik (pL IS^ tig. 1)^ Wd asked the others about 
him anti learned that ho was a wiUmg and abk worker^ knowledgia%ble 
in ErigltahL, Palauan geography, and iishingi TVc had learned from 
experience that such a man is iudispensable to an expedition, so we 
hired him on the spot. Rlkrik's scowl broke into a broad but tempo¬ 
rary grin and we had gained a true friend. Later^ wt added to our 
stall another Psilauan named Sumang, who had a remerkahle knowl¬ 
edge of Palauan natural history. He could speak both English and 
Japanese, was a nllago chief or and practically every¬ 

body from Anganr to KayangeL jVmiable Siiniang Y. was a valuable 
public-relations dopartTiTrut whose good oflicea were a great advantage, 
particularly during the long overland trips on Biibclthnapi and his 
tneniory of Palauan geographic names gave valliable liocumentation 
for our collection tecordfi. 

Tlie Palauan people use a different appi-oaeh from ours to naming 
the various parts? of their homeland* lliey often do not give names 
to islands as a whole, whereas groups of ishi nds or localized regions on 
islands may have special names. Rivers and streams may have as 
many as three name^—one for the part near the mouthy another for the 
heimlwaters, and a third for the parts between* The imposition of our 
own pnietice of giving a siTigJp luune to geographical features upon 
the Palauan system has led to either a part taking the name of the 
whole, or the wdiole taking the name of one of its paite. Examples of 
the latter kind are Koror, which is the nume of a village that we apply 
to Bu entire ialand, and Eil Malk^ the name of a cape which we use 
for the island of which It is a part. The sittiation is complicated by 
the circum5?timco that vv^e t^ike many of otir spelUuga of Pahiiian place 
names from Japanese maps, which expressed them in phonetic 
katakana characters. The English transhtoratioTis from the Japanese 
spellings usually bear little, if any, resemblance to actual pronuncia¬ 
tion, but they appear almost universally on American maps so we are 
obliged to employ them in this account. Thus, the name ^Ankosu'^ 
m wo use it is correctly spelled ’^‘Nghiis ” and “Gcrtiherugairu” should 
lie ‘^Ngaregelngaeh” A complete list of the place names we will men¬ 
tion in these pages, giving the correct (and any common alternate) 
spe! ling, may be found on p. 

Actual fieldwork could not l>e started until our 18-foot fil;terglass 
boat was put into commission. Sterling H* Pierce, onr engineer and 
electronics tedmician, inabilled wiring, instruments, and cabin con¬ 
trols for the powerful outboard niotor. In dtie time, tlm final coat 
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of paint was applied, tho name Lenore and the George Vanderbilt 
Foundation insigne inscribed on her tH)wg, and the boat was ready 
for launching. She was botlr speedy and seaworthy, and in her we 
could make trips to outlying islands and return to tlic laboratory the 
same day, a distinct advantage when perishable specimens must be 
promptly preserved. 

When the Lerimv was fully loaded for a day’s work, there was 
scarcely room left for us. Nets, containers large and am all, inflatable 
floats for receiving specimens ns we took them from the water, ^ray 
apparatns for distributing the poison we used to stupefy lisbes and 
other active specimons, tools for digging and breaking up coral, pre¬ 
servative, Cfttncias and, often, htdky diving apparatus loaded the boat 
to capacity. 

The self-contained diving apparatus was useful not only lor col¬ 
lecting in water too deep for free diving, but also in shallow-water 
areas where we wonted to see the exact situiitjon under which certain 
aoinials were living, or to olBerve their behavior at lengtli. Wlion- 
Bvar possible, lioth (he habitat and tlie in Imbi touts at cotlecting sta¬ 
tions were jihotograpbed in detail, both in color and to black-and- 
white, using radex cameras in waterproof casings (pl ■ T, fig. 3). TlieBa 
exoeflent cameras greatly minimized waste of film by pnahlin g us to 
watch moving specimens until they were in range and focus. 

Because one of our chief aims was to get as complete a biological 
sample as possible, every available means of coUecl ing specimens ivas 
employed, from hand capture and hook-and-lirie to explosive chargM. 
Although diflereDt situations required ditferent techniques of sniu- 
pling that had to be carefully decided upon before attempting to col¬ 
lect, the most genemtly useful method of obtaining active specimens 
was by the use of the vegetable poison rotenone. In liquid form tliia 
is extremely potent, so it must be diluted witli water bi a spray pump 
and distributed over tlie area to be collected. Fishes, crustaceans, 
cephalopodfi, and certain other types of animats are suffocated by it 
an<l arc soon made helpless. Wien wo used tins technique, we needed 
eveiy available hand to collect specimens before they were swept aivav 
by the current or eaten by larger fishea not affecttnl by the poison. 
Often we enlisted the aid of youthful spectators, who are character¬ 
istically good collectors, and they would scurry a1x>ut in response to 
Sumang Y.’s commands, enjoying all tho bustle of excitement. 

ra'AYAtHA BAV 

Our program of faunal sampling took iia (ho length of Palau, from 
Arekolong Peninsula at the northern end of Babelthuap to Peleliu, 
but one of the most fascinating anil complex areas in the islands was 
virtually in our own front yard. The Japanese scientists of the 
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Palao Tropical Biological Station ’were attracted by it 20 years ago 
and made a surrey of it that wea reported in the first volmna of tbeir 
journal (Abe^ 1937) * We became greatly interosted m that study and 
had deeidedj eren before reaching Palau, to resurvey the some area to 
see what had happened to the different habitats since they wei'e origi¬ 
nally studied. Tliis area is an iBlQiid-sttjddcd kgoon^ partly enclosed 
by Koror Island (pi. 1)^ which (he Japaitese called In ay am n-wan, or 
“Kocky-mountain Bay*’’ The Japanese naino is generally accepted 
now, because the nearly forgolten original Paliiuan name for it Is a 
matter of debate (some maps li&o Krimier’s coined name for it, *"Songal 
a Use,” whicdi, although utilizing Palauan words, is a Eui-opean iuTen- 
tion). We tlici^efore use Iwayaiua B^y aa a neo-Palnuan name. 

Twayama Bay Is a roughly circular body of w atcr about 1^2 nautical 
miles in diameter, enclosed by Koror on the north and Auluptagnl on 
the SQiitli (see mapj fig. 3). Its ivest entrance is o long, narrow pass 
called Lebugol Channel, and its cant entiimce a wider, coral- and sand- 
choked passage caEed Ngasabsao Pass. The western arm of Koror 
is volcanic land with a wide, muddy mangrove shore; its eastern arm 
is Imiestone, like Aiiluptagel and tlie 40 small islands in the Bay^ with 
a fringe of corals. The Palauan names for most of the islands are all 
hut forgotten (Sumang T. succeeded in tracking do\^ most of them 
by lengthy conferences with the prominent patriarchs of Koror) so, 
to simplify matters, the Japanese students assigned each island a 
rLumber, wliich they actually emblazoned on them in white pamt- 
Thcfas roman numerals ai’e still legible on some of tlie islands, and we 
also found that system niuro convenient to use tlion names, eilher 
Palauan or Japanese, N. Abe and his colleagues further divided tha 
Bay into “divisions^ bearing letter deEignations (sec fig. fl), in most 
of w^hich they studied tiunsecls from island shore to reef margim In 
tlie piot-cas of collecting, wc revisited each of the transects in the bay 
and studied the 16 divisions, wherever possible taking photograplis 
of the coral growth, animal communttiei^ and geiioinl habitat. 

Because of the many islands and narrow p^isses, tidal currents are 
swift at many points in Iwayama Bay, The Tslands, which are very 
close together, rise up almost vertically from the bay floor and create 
very narrow, deep waterways many of which are lOO feet or more in 
depth. The islands are deeply undercut at the high-tide line (pL 6, 
Bg, 2)—OS much as 5 to 10 feet—forming deep '"notches” above a sub¬ 
marine shelf of variable wudth. In favorable localities where tho cvir- 
rent is strong, as on the north slioi^ of island 29, eora] growth on the 
flhelf and vertical submarine diff is exceptionallj luxuriant Here, 
one could stand among Sourishlng corals and look either directly 
overhead into dense jungle vegetation or straight down tlie coral preci¬ 
pice into a hundred feet of deep blue w^atcr* Occasionally we saw the 
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shadowy sliapes of ^nut b]u<i parrotfishes, pcrliaps 6 feet long, riaa 
from the depth to which they had fled at our coming, or a shark patrol¬ 
ling his accustomed beat, or the faint silvery glint of sunlight on a 
distant school of swift predators, perhaps some kind of jack {Car- 
angidae), near the limi t of our vision. 

On the submarine shelf of these undercut shorelines, the coral 
variety was great, with multicoloredcommonly called 
lettuce coral (pi. 0, fig. 1), green, orange, or brick-red LoJt&phyUia^ 
and a few others dominating the Khallowcr areas. The less colorful 
PUrogyra, with hubbklike teiitacloa an inch across, the closely re¬ 
lated Pkyaogyra, and long, wiry antipatliariaiis (black corals) were 
usually found on the vertical face of the cliffs. On the shadiest slopes 
we often met with handsome specimens of Pfslaupkyltioy a stlbgenus 
of corals named in honor of their homeland. 

Tlic bright colore of Palanphyllia, like those of moat other stotiy- 
reef corals, are located not in the coral skeleton but in the soft tissues 
of the polyps themselves, and are due in part to the presence of minute 
unicellulaT algae living in tlie cells of the endoderm. These remark¬ 
able algae, called zooxanthellae, actually servo the coral polyps in the 
capacity of excretory organs by taking up from the aniural tissues such 
waste products as they can use in their own life pitKcsses. Tliey have 
never been found living free of corals, and have never been artificially 
cultured. Their only reproductive piotiess seems to be simple division 
and they are passed on from generation to generation of corals 
through the eggs, which become infected before leaving the parents 

Several species of Jishes were found only in such Bituations in Iwa- 
yama Bay. Among these were the brilliant gold-and-black striped 
butterfly fish {Chietodm Gctofmoiatvks llleefeer), wrasses of the genus 
Cheilimi (pi. 10, fig. S), and several kimls of cardinal fishes belonging 
to the genus Apogon. Many species of highly color&l fishes that reach 
a length of no more than one or two inches balance like jeweled 
spangles among coral branches Uiat rival them in beauty, or conceal 
their splendor in hol^ in t)ie coral cliffs. Ever present are the preda¬ 
tors that seek out tlieso defenseless inhabitants of the coral slopes. 
Some, like trumpet fish, have long snouts with which they relentlessly 
exidore all holes and crevices in aeareh of prey^ others, such ns the 
turln^flsh, have wide jaws and gaping mouth that enable them to en¬ 
gulf their prey in one quick gulp, in much the same way that a 
vaesuum-cleaner may inliale a feather. Solitary sharks were patrolling 
tlie bottom of the deep waterwaj'3, but tlieir presence was of most 
importance to the inhabitants of the deeper waters for the slmrks sel¬ 
dom cams to the surface. 

Some of the islands in Iwayama Bay have protected little bay lets 
in which the coral growth may consist largely of Gotiiopora^ a thick* 
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branched stony coral nlth huge, pTDtii,icIing polyps (pi. 10, fig. 1), 
We soon teamed to espcct trouble when we collected these secluded 
spots, for the unusually' virulent nejnstocysta, or stinging capsules, of 
the Ooniopt/ra polyps were easDy dislodged by the currentH we pro¬ 
duced by swimming, and stung ws so badly that we sometimes were 
obliged to leave the water. 

Much more troublesome than Goniopont^ however, was an arbor- 
esccTit, colonial scyphistoma (called SiepAipiuMctfpAws) of the medusa 
Aauszthoe^ which also released its nematocysts into tlie water upon 
agitation by strong currents. Tlie stings produced by this anhoftl loft 
angi’y red welts that itched for days afterward, and even caused swell¬ 
ing of adfacent lymphatic glands. It seemed probable to us that a 
dense growth of Siephanotc^phus could liberate enough nematocysts 
into the water to inflict serious stings upon unsuspecting swimmers. 
Fortunately, this coelenterate seems to be common only locally in 
Palau, where we found it in only tvro localities. 

In spite of seemingly ideal surroundings in moat parts of Iwayama 
dead corals could be found at almost any location, snggesting 
tliat conditions are not always so favorable. A day or so of heavy 
rainfall will dump tons of fresh w ater not only into the bay but also 
upon the islands, from which it casendes down to the Bay, carrying 
with it great (quantities of silt and forest debris. Salinity must be 
much reduced, especially near the surfauc, for many hours, if aot 
days; the normal water temperature of about 85* F, may be lowered 
by 5* or mode; suspended matter beclouds tlio water and tlie ludre deli¬ 
cate corals may be smothered. But, afterafew clear da vs and several 
tidal cycles, the water cloars and tlie survivors continue their struggle 
for existence. 

The northwest corner of the Bay, forming diviaona M, N, and O, 
is bit thud by good tidal flow, but silt from the nearby mangrove 
shore disconrages coral growth and the reef has a sickly appeatnneo 
that belies the large number of species that comprt^ it. One of the 
resurveyed transects crosses the reef-flat at tlie south end of island 16, 
and wo studied it during several low tides, Hera we collected d ^d 
coral beads with cylindrical black sponges growing on them, which 
we soon found were only the external portions of a boring sponge 
tliat had excavated great hollow caverns in the coral boulders. Some 
coral heads were thus reduced to hollow shells, and we have yet to 
leam what becomes of the sponge after it has completely “eaten itself 
out of house and home”—whether it then assumes a massive, frae- 
living form as do some other boring sponges, or simply dies of expo¬ 
se. T^atever ite fate after the destruction of the rock in which 
it lives, it is certainly an active reef-destroying agent. At the ga m e 
locality we found another rock-boring sponge that attacked not only 
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dead corals but also the limestone floor of the tide-level notches. 
This sponge is almost certahi to prove to he one of the important bio¬ 
logical ftg^ts contributing to the formation of undercut shorelines. 
The swift tidal currents that breath life and variety into the reefs 
do not reach the up£jer part of division K in the northeast comer of 
Iwayanm Bay, which is a quiet backwater. An ahimdant growth of 
coml is nevertheless present, but it lacks variety, Fingpry masses 
of Porites and great, white, papery chalicea of Monti^ora (pi 11, 
tig, a) flourish evcirywhere, but few others can be seen. Even the 
fishes are fewer in kind and smaller in size. Smell dragonets (Cal- 
honymidae) dnit about in sandy patches or seek refuge among the 
coral branches. One of these dragonets {Symhiropus sjihiidid^) is 


/ 
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probably the gaudiest Rah we found during the summei^olored blue, 
green, and red in an intricate design of spots and bunds (gee fig. 4). 
A few species of damselfishes {Ahudcfiuf) were abnndant, each fish 
with its own territory of coral and water. Each ind ividual vigorously 
defends its own particular home, bullying intruders with threatening 
advances, cheeks distended, clicking and grunting indignantly. 
Hovering over the branches of Porit^ we could always find little 
bronze and maroon cntdinalfishes {Afogon nemafopfems), ready to 
retire into their stony sanctuaries at the approach of our staring 
camera leinscs (pL 11, flg> 1 )- 

In the undercut shoreline of Koror nearby we found a small cave 
of the sort that permeates many of tlie limestone islands (pi. 6, fig. 1). 


496 ANNUAL RJEPORT SMTEHSONIAX INBTmmO>rj 10^6 

It was too small to omwi into very far, bu|: in its dark and narrow 
tocesses wc found some alcyonarian corak (TeUsto) 1 ranging from 
the rcMDf, completely ixq^osed by Ute ebbing tide. Elsewhere there are 
larges cares, some at water lerel and large enough to admit a boat, 
others equally large but completely submerged. In most of the mafor 
limestone islands there are large caves that have collapsed, forming 
lakes connected with the sea by subterranean passages. TTiese stilt- 
water lakes contain large gobies, muEsels^ and sedentary jellyhsh 
{Cas^peia)^ 

One of our reconmissance teclmiqucs was to cruise slowly along 
the coral slope in the w^atehing for changes in the appearance 

of the reefs to iuilicate interesting spots to be examined more closely. 
We foUowecl the bay shore of Koror south from tlie little cave^ around 
the so-caUed Arappu Peninsula (Ngulap), where the submarine cliff 
was atn:koet devoid of corals and the only conspicuoufl orgauism was a 
large, sprawling, branched, pale pink sponge that lcM>ked white in 
20 or 30 feat of blue water^ Even the stiff snaky ^^wirw corals’’ 
(Antipathoriu) timt listmllj thrive on the cliffs were missings We 
could find no cxplanafion for the absence of wnils there, for the 
current flow' ia hatter than it is in many other places, the water clearer. 

After we passed through the narrow strait called Kaki-suidS 
(Oyster Pass) in the Japanese reports (Paliinan name Xgerikiuul), 
the situation changed, and we came upon one of the most interesting 
areas in I way ama Bay, one that wo visited and rcvbited, each time 
to find soiiieihitLg new. Here the undercut was veiy deep and the 
foliage of the juiigle'covercd slopes above hung far down over the 
water, hkicking the midday sunlight and producing an almost con¬ 
stant twilight. For only a few moments in the afternoon could a 
few rays of sunshine alip through before the shadow^ of island 20 
across the pass crept up to throw the waters into iru;reusing daikne®, 
A yawning cavern gaj^ in the cliff wah, entirely under w'ater, its 
roof festooned with netlike antipathariana (*'black corals'*) 

hanging down like drapes. They were so flexible and so large tliat 
they could gnw only in hanging position (p!, 18, fig, S). Wlicu 
fresh, their polyps were brilliant orange in daylight, but they ap¬ 
peared atjuQgt white in the murky blue water of the cave. 

ANIMAL PAHTNF:RSHIPS 

Only on this hulf-Iit slope did we find the whip-corals, Junce^Ua; 
they grow here like tall, waving grass reeching out to wan;] the light, 
with their tips drooping like buggy whips. They form Ihe hub of nn 
interesting association that we will descrilie in deUil in a future paper. 
The most unusual member of this association is a little transparent 
pink goby, a new species allied to the genus It ia a tiny 


^AImAU—BAYER ATID HARRT-EOFEN 


497 


figli, not much more than an Inch in length, that clings to the stnlkis 
of the whip-comla. They may Iw pursued up one side of the cond 
and down the otlier, but rarely will they move to another coral even 
though it IB very near. 0«r ingeniona Eikrik found that by sliding a 
coral stalk through htj fist, hp could catch its fish in a small net as it 
popped off the end. The water was often murky and the light always 
poor, but we did get a picture of Eikrik catching gobies in u field of 
jmiceellas {pi. IG, iig-1) - Also clinging to the whip oorals irare many 
handsome gi'ay feather-stars, or staltless critioida (coiimtuiids), some 
of them grasping several corals at once (pi, IG, fig- ii) > Tho cirri (the 
clawlike ‘Tcet”) of the crinoids irritated the surface of the eomls and 
scarred it permanently wherever they had clung, indicating that tb^ 
“free-living” crinoids move almnt little, if at all. One of the erinoid a 
distant cousins, a bright orange brittle-star, lived entwined in the arms 
of the erinoid, and among them could also bo found a spider crab, 
/Zorrauifl, that Imd joined the partnership- Another crustacean, a 
small porcellanid crab, scuttled over the surface of the whip-corals, 
compi e tiug this curious asBOclation of vertebrates and invertebrates. 

Among the most studied of symbiotic relationsbips to be found on 
tropical reefs is that involving several siieeies of large sea-amemonea 
that allow certain kinds of small but colorful damselfishes (genera 
AmpAiprion and Baseyflua) to seek protection among their tonhicles. 
These clownfishes, as they are sometimes called, rarely stray far from 
their host anemone, and are ready lo dart down among the stinging 
tentacles at the first hint of danger (pi. 14, fig. 2). In spite of years 
of study, the details of this association are still not dear (Gohar, 1943; 
Gndger, 1946). It is believed tiiftt the fishiS avoid lidng stung by 
swimming in a distinctive fashion that is “recognized” by the coelon- 
terate. Clownfishes have been seen to drag food to the waiting ten¬ 
tacles of the anemones, but, on the other hand, we watched an Amphi^ 
prion seize a tentacle of its host in its mouth and with a few quick 
tugs pull it loose find eat it. This fiimy ingrate exited, and received, 
sanctuary frem t he very anemone it had been nibbling upon, for it 
dashed headlong among the tentaclns when wo approached too closely. 
Some investigators have suggested that by eating bits of the anemon^ 
AmpMprion builds up an immunity to nematocyst poison, but this 
suggestion has never been scientifically confirmed. It does seem fairly 
certain, however, that the clownfishes recognize their preferred species 
of host anemone partly by sight and partly by chemical cmanationa. 
There is also some indication that the anemones do not sting their 
partner fishes because of some kind of chemical recognition. 

Coelenteratea and echinoderms seem often to play the host role in 
partnerships, probably not because of any Inherent good nature 
or native generosity, hut because they are alow moving or sedentary 
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and thei'&forft an easy mark. One of our most staTtling discoFeriea 
of the snminer was a fish that lives with an echinoderm. This, of itself, 
is not unusual, for the eel-like pearlfiitLas {Vtirspifs^ FiftrmsftyF-, and 
Jtyrdanievs) have Jong been known to inhabit, the closica of holo- 
thurians (saa-cneumbere) and the body cavity of CuMta (the cushion 
starfi^). But our fish was a previously unknown species of ejingfish 
(Gobiesocidae) and tlie cchinoderm ho^ was a feather-star {t7rK!nnn- 
a completely miexi>ected combination. The clingfish was black 
with a bright yellow etripe down each side, perfectly camonfiaged 
among the arms of its host. 

It was on August 7 that we discovered it, as we were returning from 
a 2-day trip to Ngemolis. We had stopped in Mehurehar, the labyrin¬ 
thine lagoon of Ed Malk, to look for future eoUecting sites and to ob¬ 
tain some samples of the lagoon bottom sediments. It was a stormy 
day with heavy downpours that had hampered our observations and 
dampened the spirits of everyone aboard die Lenore. We had taken 
the bottom samples in the rain, and were heading for liome by way of 
the inside route west of Umkthapel when we found ourselves over some 
coral fiats near Ankosu Point, tlie southernmost cape of UrukthapeL 
Not wishing to pass up any likely localities, we diioppod anchor and 
went over the side to look around. The water was about 0 fact deep 
and the Imttom was covered with a tangle of staghorn coral 
(Acropora), most of it lying loose upon the sandy bottom. A few 
knolls of massive coral could be seen, with cbalice-shaped acroporas 
and sea-fans {Mdithaea) growing on them. Here and there, hidden 
among the corals, we found a many-ruyed spiny star fish {Acanthoit&f 
pJaiun)^ which is a real danger to bare feet (even those tough enough 
to disregard the jagged coral). It is widely feared by the natives of 
Hicronesia, and witli ample justihcatlon. A friend of ours was vir¬ 
tually incapacitated for a week or moie liy wounds Infiicted hy this 
animal, and he was not fully recovered for a month or more. 

Between the coral branches everywhere, and on the coral knolls, 
the restless, femlike arms of fcathe^stars swayed with the rising 
tide, B^ause we knew that crinoids are ever-gracious hosts to a va¬ 
riety of invertebrates, we collected some of them to find their lodgers. 
There are usually two kinds of shrimp, a galatheid (or “sqimt-lob- 
star”), and a polychaete worm, aU protectively colored to match their 
host—nsuelly black and greenish yellow in this locality. The first 
feather-star that Adair Felilmann collected had some black-and- 
yeUow striped shrimps among its arms. Safely inside n gkm vial, 
they gave ua a real surprise. They were not shrimps at all, bnt 
fishes and clrngfishes at that—the only ones we would find all sum- 
careful searcli disclosed a number of additional specimens 
before the current became bo swift that we could work no longer. We 
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continued our homeward trip with one of ths prize cotchea of the 
expedition—some tiny black-und-jellow fishes iittie more than an irLch 
in letigtlL 

In practically any protected sandy area of the lagoon we could ex¬ 
pect to find the unusual partnership of shrimps and fishes that we 
first observed at Ifalui Atoll in 1953. Wo were delighted to find this 
association at Palau in such shallow water onJ in such abundance 
that we could observe it cloaoly and collect tbe animals in numbers. 
At Palau, two kinds of alpbeid diriioiis and at least four kinds of 
gobies live together witJx identical habits. 

Each pair of shrimps esenvates ita own burrow and then plays 
host to a pair of fishes. Tlie fisliea sit just outside the mouth of the 
shrimp burrow (pL 14, fig. 1) while the shrimps repair and deepen 
it, bringing load after load of sand to the surface on their large claws, 
bulldozer“fasliiuti. But should any danger threaten, the gobies dart 
down the hole in a trice, tumbling the shrimps over in their haste. 
I’rom this activity tbe shrimps detect that soniething is amiss and 
eeasa digging until tlie gobies regnin their composure and their usual 
position on tiia front doorstop. Whether this Lnadveitent warning 
is the only benefit denved by the shrimps from the assooiation we are 
unable to say at present. It seems probable that the gobies obtain, 
in addition to siielter, an occasional bouiquet at the expense of their 
iiDsts, since one of the specimens collected was stuffed with larval 
crustaceans—probably the young of the shrimps whose home it had 
shared. 

Tliere is still much to be lenmed about these and vai ious otlier rarely 
observed biological associationa, and it will take patient observation, 
study, and experimentation in the field before we know the exact 
nature of the relationdiip between the partners and how it may have 
developed. 

THE OUTER REER 

The outer reefs have an entirely different appearance from the 
lagoon reefs of Iwayama Bay and tbe staghorn coral thickets of the 
shallow passes. On the west side of the archipelago the reefs are 
barriers, but on the east they are fringing reefs that follow the land 
closely, with an offshore barrier in only a few places. Whether barrier 
or fringing reefs, they are bathed with tlie always clean water of the 
open sea and pounded by its sometimes thunderous surf. Different 
and stronger corals live in these exposed situations, and a whole new 
population of feh^ swims among their branch®. The aurgeonfialies;, 
butterfly fishes, and wrasses that live here are for the most part 
peculiar to tlfis zone of (slmrning, turbulent water. Few species of 
the quiet lagoon waters am hardy enongh to adapt to tliis rigorous 
environment. Sharks and barracudas in pariicular prefer this region, 
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constantly patrolling It for food. Cert am surgeonfishes also ar€ diar^ 
acteriatie of the surf zotie, among them lineutu^^ a yellow 

and neon-blue striped fish that lores turbulent^ surging water. Their 
relativest the fan-finned zebni^mas, hide under the spreading table 
corals. Huge parrotfiahes, six or more feet in lengthy graze Itke 
cattle upon the corals, producing a noisy chorus as they crunch their 
limy meals in large, gregarious schools. Moray eels (GyTim&tk^ru^) 
lie in wait in their holes, their malicious nyes^ ukit for any unwary 
fish that may pass within striking distance. The butterflyfishes 
(CAii£ti>d&nr)y so named because of their brilliant coloration, are 
especially numerous and are endowed with an insatiable curiosity. 
They seem unafraid of divers and will approach very close in order 
to get a good look. On many occasions they have startled u& by a 
quick nip or a tug on some especially attractive hjiir. This has an 
electrifying effect upon swimmers already fearful of a surprise attack 
by prowling sliarks, and the aheepiah feeling coinhincd with relief 
upon seeing these ^nmll challengers, is more nmuaing now tlian it 
waa on tha reef* 

The Bpiny lobsters (PanuJirtis) that lurk in crevioes of the outer reef 
are different apeeiea from those found in the lagoon. So are the coral 
crabs (Trapeziu) among the massive branches of pocilloporas, veri¬ 
table giants by comparison with their relatives in more protected 
waters. 

Any sp^imena taken from the surf zone are collected only through 
great C3^ertion, for it is one of tlie most ililTicult habitats to sample. 
Swift currents rapidly dissipate the rotenone and Bw^eep away the speci¬ 
mens killed by it. The colloetor himself may he picked up by the 
swell and dropped 15 or 20 feet away, as likely as not on a jagged 
coral. When explosives are used instead of rotenone, all tlie nearby 
sharks niaUjrmlisie as if from nowhere, considering its sctuid a dinner 
bell inviting them to a free meal* Needless to say, we used this explo¬ 
sive technique infrequently, so os to avoid becoming the pifece de 
resistance of some shark’s lunclieoiL 

Near the reef passes and in the deeper waters offshore the corals 
flourish in stony gardens of eerie and awesome Ivauty. Some species 
of A^&pom produce towering spires and antlers (pL 7, fig, 1) that 
bring to mind the reefs made by the same genus of corals in the West 
Indies, and oLliers form great, spreading disks and platforms com¬ 
posed of tiny branch!ets, a growth form peculiar to the Indo-Pacific 
area (pi. 13), The sea ganlcns of swaying alcyonariana (sca-fanB 
and sea-whips) that give the West Indian reefs their cidor and fluid 
beauty are nowlicre to be seen^ for the idcyonarians here are nearly nil 
rnaffiive, rubbery kinds (ph 13, fig. %) that have not the elegance of 
their Caribbean relatives. The few species of ^n-fans that do occur 
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Bfe niDFo iibiuidiuit Flong didfiiifils or if tha protected lagoons 
than on tha seaward reefa 

EEL-GRASS ENVIRONMENT 

A conspicuous feature of the Palau lagoon is tho great estent ol 
sandy bottom covered with cel-grasa {ETihalus (bioroides and some re* 
Species) - It is a distinctive and comples habitat. Tlie moat ex* 
pa naive eel-grass beds lie near Pelelin, to the south of Koror, al¬ 
though the west' coast of Babelthuap also has some fine ones. We 
made two trips to Peleliii to surrey the grass beds there, hut on both 
occasions we found poor conditions due to the stage of tlte tide. The 
water was so murky and full of plant debris that collecting was un* 
pleaamt »nd photography impossible. 

Among the animal inliabitants, lislies are p&rticukrly abundant and 
thrive in the eel-grass etiviromnent. Sharks, jacks, harraendas, and 
otlier pidlaceous fishes constantly search the eel-grass beds for prey. 
Food is not easy to find here, even in the undst of plenty, for the eel- 
grass forms tiio home of many liighly specialized fishes that blend with 
their background in botli form atid color. Some of tliem, such as the 
pipefishes (Syngnathirlae) and certain wrasses (t7A€ijfeV), are elongate 
in outline and green in color, so perfectly camouflaged that sharp eyes 
are needed to separate them from the grass in which they live. Others, 
such as the parrotfish (S^anchthj^) y spineHsh and some 

snappers (ie#At'/wua) ^ are not shaped like the gras blades but are so 
much like it in color that they are virtually invisihle. The file fishes 
(jlfojwM?a«ifi«^),blennies {PetToum tei ), and ilragonets {OalHonymtM) 
go a step fartlier in having tlieir bodies covered with waving filomellta 
and liairlike growths that resemble the hydroids luid other epiphytes 
covering (he eel-grass bladca, 

The Palauan boys pointed out some peciilinr little black-and-ycllow 
fishes that were swimming about a water-logged branch half buried 
in the sand and liJdden by grass atid warned us that tliey were very 
dangerous. Wlieii we insisted upon catchuig tliem, Sumang Y. and 
ftikrik must have regretted pointing them out to us. Tlio fisli were 
small catibh {FlotafwA atiffuilhm) with barbed pectoral and dorsal 
spines that are venonioue and can inflict a nasty wound. They were 
swimming in a curious manner, very close together and wigghng vigor¬ 
ously, in a compact school that moved slowly forward like a diyk 
cloud. Tt was simple to frighten them into the range of a large diiJ- 
net, and each fish captured caused our sturdy Palauans to wince in 
anticipation of the painful punctures to come when w'e pulled them 
out of the nets, and later, when we placed them in contaiuere of for¬ 
malin. A month or so later, when we were in Japan to consult with 
biologists who had worked in Palau Iwfore the war, we encountered this 
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same fiali in southern HonaliiL It was liiring in & completely different 
ecologicai situation, in rocky tide pools near the Scto Marine Biologi¬ 
cal Station at Shii^hama. 

One of the major cd-gra^E inhabitants is a mammal, the littk-known 
dugong; or sea-cow {Iht^onff During our stay in Palau we 

were always especially watchjhil while passing otcr cel-grass areas, 
in the hope of seeing some dngongs* but as they are quite scarce we 
neTer did &&& one in its natural habitat. During our last few days at 
Koror, however, some Palauans speared and captured alive a haLf- 
grown specimen that provided us witii considerable eicitament and be¬ 
came die first ever to be exhibited alive in an American aquarium. 
We bought tliis dugong, otherwise destined for sale aa food in the local 
market, and kept it alive in a large pool at the end of Koror dock 
imtil we were ready to begin our return trip to the United Statea. 
Then wo caught it^ wrapped it in wet blankets (pi. 20, fig. 1), and 
carried it, lying on the floor of the plane between our seats, to Guam 
(pL 20, fig* 2)- At Guam it was ensconced in a sturdy crato and 
transferred to a commercial airline for shipment to Califonija. The 
California Academy of Sciences had arninged for its trauEportatian 
to the Stcinhart Aquarium, where it proved to be an unusually popular 
exhibit. It was certainly the fii^ Palauan dugong ever to fly to 
America, and we have no doubt provided some materia! for the '^talk¬ 
ing picture^ carvings tlmt decorate Palauan abais, 

HERPETOLOGIGAL STUDIES 

Another Palauan animal that never before had been displayed alive 
in an American :aoo or aquarium, and which we succeeded in bring¬ 
ing buck to the United States, is the deadly poisonrnia sea snake 
{Lati^aiida co^ubrimi}^ a trlative of the cobras and corul snakes* 

Our first encounter with the banded sea snake in the wild was on 
a field trip to Jfgemelis, a group of islands along the southwest barrier 
reef. We were making our way toward the beach just before du^k 
when, a hundi^ yards or so from shore, we came upon a huge snake, 
a good C feet in length, slowly working its way seaward along the 
bottom, poking its head into nooks and crannies and in and out of 
corals, carefully feeling with ita tongue. It paid no attention to us, 
and we stood or swam near Jt for several minutes, in water perhaps 
5 feet deep. At no tiine did we eee it sttrf ace for air, and as we con¬ 
tinued on OUT way it was sjtil] swimming seaward along the bottom- 

The Palauans have an odd story about using sea snakes to catch Ush, 
They say that if one hohb the snake by the tail, it Avill probe among 
tile rocks and eatcli iish, which can then be easily eei^. We never 
saw this method of fishing practiced- Probably no modem Palauans 
are courageous enough to try it, for our helpers invariably let out 
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1. Gracrrutp c^Fdinnlfiah-cff hnwr cyvcr the brinchei of a 

P&ritfT CDolony tJiat h [lldr refuge in tim&b of danger. TWii lilllt wjtb iti red ipioti 
on a bronzy ground cDlor, and a dark-browu cimimErbuiidj c* one of the bvelicflt denizETta 
of protKSed ieefi. 



Huk, frank chaHm of ,\fannp^ fclhia dominaLe ttt reef iJope m the iTinefmojt pirt 
of K Diviaron of Iwayama Bay. They form an ini certain retreat fpr fiih« like the imail 
dimKlfsih (^omfieeniriLf) rwimming ibtn'c tbetn. 
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great yelps of fear whenever we caught sea snahes {or any other kind, 
for that matter)* and their re|iugT!imce extends also to eels, perhaps 
with more iusttfieatioD. Another droll stoi^, frequently seen on the 
carved “talking picture*’ boanls, tells how the sea snake tanght 
Palanatis to fish with nets. In this tale, a Palauan woman, whose 
children wei-e a banana tree, a pussycat, and a sea snake, grew weary 
of her offspring and told them to make their own way in the world. 
The banana tree pointed out the impracticallty of this suggestion, at 
least from its rooted standpoint, and thus won a reprieve, but the two 
more active “children” were sent packing. As ikey swam toward 
Orukuizu, the cat riding on the snake’s hea^ they grew hungry, and in 
Palauan carvinga we see the snake encircling some fishes so the cat 
could catch them as tliey swam out through the narrow' space between 
the snake’s head and tail. A villager who was up in a palm tree 
gathering toddy caught siglit of this prooedura and at once recognized 
its possibilities. He rushed down to tlie shore and asked the snake to 
show him how to fish tliat way, so the snake showed him how to set 
up a fence of sticks in shallow water, in which fisli would be trapped. 
Put the Orukuizu man still needed the cat to catch the fish as they 
passed through the mouth of the weir, so he asked the snake if he could 
have the cat, too. The snake agreed but made the mtm promise to give 
the cat one of the fish each time they made a snccesaful catch. Such 
was the origin of cats and fishweirs. 

This particular species of sea snake is not so completely aqimtic as 
are some of Its relatives, and it could be found on the seaward shore of 
exposed islands, coiled up in uiiderbrueli on dry land or even m the 
brandies of trees (pi. 19* fig. 3) - They were very common at Xardueis, 
off the southeast shoiB of Babelthuap, where we caught as many as a 
dozen in a couple of hours. Some of these are still living in the Stein- 
hart Aquarium in San Fraiiciaco, but the specimens destined for the 
National Zoological Park in Washington perished during the flight 
across tho continent. 

The lierpetolugical oollectioits we assembled contain at least four 
other speciea of snakes, including a burrowing form (Tifphlop^) no 
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larger than a moderate-sized eartliworra. Geckos (noetiimal lizards 
vrith adhesive toe pads that aid in climbing) of several tmda abound 
in the trees and on Mfindow screens of buildings where they catch in¬ 
sects attracted to electric lights at ulght, Tlie toad is eitremely 
abiindant in the vicinity of Koror, and two kinds of seem to 
be widespread througliout the islands. Tlie nionitor lizard is not 
especially common but may be encoimtered on T^ahelthuap. The 
collections and notes of Dr. Maaamitsu Oshima, who studied the rep¬ 
tiles of Palau, were unfortunately destroyed eluting the course of the 
war before they could be published. Our collections will therefore 
fill an important gap in our knowledge of the tcrn^trinl fauna of the 

HDMEWABD BOUND 

By time November rolled around and Project Coral Fish had 
been active in Palau for four mdntha, we began to umke plai^riis for 
the homeward ]onrney» On November 4 we made our last marine 
collecting sitation^ and on the following day the dianmitllng of the 
IfiboratoiT began. All equipment had to bo either packed for ship* 
meat or stored for use by Project Coral Fish 11* Outboard motors 
were cleaned and hosed ^ the LcTiorc was stripjied and crated^ col lec¬ 
tions were packed in tins^ drunis^ and boies* labeled, and stacked up 
to aw'ait the nV-st freighter to Guatn. In a few days the laboratory 
was stiirkly in order and d^erted. Arrangements were made for 
the transportation of the live cargo of sea snakes and dugong. "^Plane 
Day” on N ovember 15 was a typi cal rai n y-season day i n Koror. Rikrik 
and Sumang Y. went early to tlm dock and cangl^t the dogohg, and 
it wjLs difficult to say if it was wetter in tlie pool or on the dock. 
Dugong, snakes, other precious collections, and ourselves were loaded 
on the AJbfttros^ amphibian in the still-pouring rain, and we were 
off, it seemed after having scarcely arrived, so swiftly did the montJis 
pass on these ooml-fringed islands and broad lagoons. Only yester- 
dav, 90 it S 4 ? 0 med, we had made our way up one of Babelthuap^s 
rivers as the crocotliles slid off the bants into the dark water, 
or had been listening to the little bird with a ^‘pipa sweet as a 
flageolet” m we collected In some forest-bound coral bay. Perhaps 
nowhere else in the world are reefs and j tingles so intimately asso¬ 
ciated that one can i^tand among living corals and at the some time 
collect many different kinds of orchids from overhanging branches. 
It will be many a year before the compiesideB of Lius multifarious 
habitat are thoroughly understood., but we think that Project Cor^il 
Fish is making a long stride toward that underrtanding and, thor^ 
fore, toward a better understanding of life iti the seas a whole. 

During the 1S>55 exiicdition to Palau, Project Coral Fish assembled 
thousand of Bpecimens from ^76 collecting stations extending from 
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the northern end of Babelthuiip to Peleliu. PhylogeneticaUy, the 
collections contain animals ranging from the Protozoa to the Fcrta- 
brates, as well as many specimens of marine piants, The largest 
collections are those of fishes, cniaiaceans, and siiouges, but the smaller 
collectionB are no less significant. Taken together, they represent a 
contribution toward a more coniplete faunistic and Jtcjogeograp 
knowledge of the Palaus, an especmlly significant one in view of tie 
fact that the collections made in tlie same territory by Japanese 
scholars prior to World War II are either widely scattered over Japan 
or were dcBtroved during the wiir. In addition to their ^stematic and 
zoogeograpliic value, these collections include information on reef 
oommuailies and biological associations, which forms the framework 
of reef ecology. In spite of its encouraging sueces, the first field 
bcasou of Project Coral Fish did not accomplish all there was to bo 
dona in Palaa. Neither will the 1056 aenstm. Some of the eraallcr 
component projects will certainly see early completion, but thcj bring 
into bold relief many other prohlema, not a few of which demand 
an experimental approach that can succeed only at a place like Palau. 

CHARACTERISTICS OF THE PALADAN MARINE FAUNA 

The large collection of marine animals assembled in Palau during 
the summer and fall of 1955 is only now being .studied in detail, 
so it is not yet possible to analyze the fauna from a zoogeographic 
stand[a)int. However, somo impressions of both its richness and its 
nHinities were inescapable during the course of observing, collecting, 
and preaervitig tiie many epeciniens handled, Th^e impressio^ 
Bupcriinposod upon what we already know from the literature, eua^ e 
ua to reaffirm the Fast Indian nsiationslilps of the Palauan marine 

fauna. _ - ■ , j 

Many East Indian fish groups not common in the oceanic islands 
were found to be abundant in the Palana, Especially noticeable is 
the archerfish {T&xotej), which travels in largti schools along the 
lagoon shores, particularly in mangrove regions, where it penetrates 
the narrow waterways and ascends a considerable distance up atrearns 
and HTois, Glasafishes and spotty scats (Scatopft^us) 

ars abundant in the mangrove swamps and lower reaches of streams 
hut are not found in the limestone islands of the southern Palaus. 
Fresh*water eels {AngvjUa) grow up to 5 feet long in even the 
smallest streams. Some groupsoffisheH,suchas the 9nappers{ Flecto- 
rhyTtchid, Caesio, ZeMrmw#, and others) are represented by many more 
species ihn^ii iirfc known frotn tho rriultitiidBS of oceanic islaiids in the 

Marelialls, Marianas, and Carolines. 

Among tbe invertebrates, the only two shallow-water gorgcaaceans 
(Octocorallia) to estend on appreciable distance eastward into Micro- 
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Sitberffor^^ moUzs and SumpheTla antipathes^ are common 
East Indian spmB^ that occur also^ as expecte^lj in the Palaus. An¬ 
other species of Stiierdorffia. t^o magnihcent melithaeaa^ the eo-called 
^^Flej^aura*^ fava, a species of and Jun&eeJIa fmpilia are 

more or less common in Palau, indicative of close ties vrith &e East 
Judies and PhiUppine faunas. Among the Alcyonaoea, DoT^dro- 
nepA thya occurs in abundance and Shiderioles tvus found in slight!j 
deeper water in the lagoon^ hotli genera being well represi^rited in the 
PhilippineSH. The^e various octocorallian genera are centered mainly 
in the East Indies-Philippmea area, but range also northward to 
Japan and southward to Anstnilia, thence eastward to Fiji, Tahiti, 
and Tonga, hut reduced in species pcriphorally* Furthermorej the 
alcyonarian gcnem typical of Microneaian reefs, such as Smularia^ 
iSarGopAytan^ Lf}hop7iytum^ and Sphaerellay are represented in Palau 
by a greater numlier of species than is usual in the central Pacific 
atolls. 

The molluRcan frtuna is notably richer in many elements than that 
of the Micronefltat] utolls to the east, especially in such genera as 
iV urM, Sp&ndyluSj and Pe^stsn, xSiuco tho distribution of Sirnnia and 
related gastropods is tied to that of the gorgoniutis on which they live, 
they accordingly do not extend very far to the east, probably not be¬ 
yond Palau. However, the large egg-cow'ry (Ovula avum)^ 
which lives on soft-corals^ enjoys tho much wider range of its }\osts« 

The fauna of the Puhius will probably not be found to approach 
the richness of that of the Philippines, East Indies, and New' Guinea, 
but it certainly far ovetshadows that of the oceanic atolls. 

PROSPECT 

As wo write tlicse words, Project Coral Fish IT is continuing the 
program of investigations embarked upon in It is anticipated 

that tlie Held phase of a survey of the fresh-water fish fauna of Esbel- 
fhuap, begun in 1955, w'i]] be completed snceessfulfy during the pres- 
ent season, ami the marine etirvey continues with special attention to 
arms not pi' 6 viou 2 ?ly visited. The resetirch |>rogram has beeu broad¬ 
ened by the addition of an oceanographer to the field party, so that 
more detailed dat^ regarding the aquatic environment may be 
gathered. 

During Coral Fish ITT in 1357, we hope to complete onr ecological 
resurvey of Iwayama Bay, and to make more detailed studies of some 
of the commeu^al, symbiotic, and parasitic rclntionshJpa nientioucd in 
the foregoing i>agei>. Tho results of tho 1356 e.xpBditjon ^lould permit 
much nnire efficient ol^rvations on tiie pliysiciJ environment and en¬ 
hance the value of the Iwsjania rEJsurvey. Wo hope that it will also 
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be possible to innugurflte a progmm of current and planltton studieg, 
especially ’n'itbin IivayMJia iiyiji', to dctennine the reasons for, and to 
provide a better n^^dei^standing of^ tho disti-ibution of various corals 
and other benthic invertebctites within the coniines of the Bay. 
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PALAUAN GEOGRAPHIC NAAIES 

The nain^ used in this account are those to be found on the charts 
of the U. S. Hydrogriiphic Office and the maps of the U. S. Corps of 
Engineers* The spellings of these names may bear little resemblanco 
to their pronunciations. We therefore offer the following table, the 
left-hand column listing the names as taken from published charts and 
used hereiti, and the right-hand column listing the phonetic spellings 
by Kriimer, or supplied to u$ by Sumang Y, 


Anoeur ________._^_aNgeour 

AakoBa (PointJ_________ Ngbos 

Arakabesfin (Island) -— — _ _ 

Aire]fiiLli>ng (Penin^ina)_— -——— -- Nsareeolouj; 

Atcj^hi (Rivet) [also Aditetdo] __ _ _ (t Did 

Aulong (lalimdj____ __ _ . _ _a Ulan^ 

Aartinu^bckani (Inland) [alBo Aolaiaaecl]__- 

Eabeltbuap (Island}_ _ _- _ _ ___ BabldAijp 

nil Midk (Inland)—.--—--- — ^ a Itmaik 

GeraLemgalni (Paaa)-..-._ __ _ _ NgaresetoxAd 

Karan^el (Atoll) ——-----— NgfeLan^el 

MnTnknl ( laland)- ____ _ ___ ALalflgal 

Matfti El^ad {Talipot a Bid Rd__- Madll a JegAd 

NarduoLs (iBLand)^ _ ... ____ _ ____ Ni^rdnals 

Orykuiza (laLands)___________ Nf^rkuld 

Palau [alaa Palflo, PelEW^ eted_— _ ____ _Pelao or Belaa 

----P^Rlou 

Uraktliapel _ ——_____—— _Npimkdlnel 
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Arclieological Work in Arctic Canada 


By Henry B. CoLUNS 

Bufem of Americipi Ethnology 
SmithionMn Institution 


[With 14 plates] 

SouTHAJcmw ft bleftk and treelesa land masa some 17,000 

st[uare niilea in ostcnt^ forms the northwestern Iwundnry of ITtidson 
Bay, separating it from Fo:fe Cliannel and Foxo Basin to the north. 
Though the i^and is 50 mne.4 below ttie Arctic Circle, its shores remain 
icebound for about eight months of tlie year, and its climate, vegeta¬ 
tion, flora, and fauna are all typically Arctic. 

The island is of particular interest to archeology for two reasons. It 
was the home of a struTige, primitive tribe of Eskimos—the 
Sadlermiut—^who become eictinct in 1903 before they had been studied 
by ethnologists. And long before tliis, in preliistoric times, the island 
had been tK^^upied by two other groups of Eskunos, those of the 
Tlnile and Dorset cultures. The Thule people had come originally 
from AlR.ska, about 0(X) years ago, and were commonly assumed to 
have been the ancestors of the Sadlcrmints. Tlie Dorsets were a little- 
known Eskimo people of markedly different cltUure who had occupied 
the central and eastern Arctic long before the arrival of the TInile 
migrants from the west. Tins vi'as the locale and these the problems 
selected by our 1954 expedltinii to Southampton Island, sponsored by 
the Stiuthsoniun Institution, the Xutionnl Museum of Canada, and 
the National Geograpliic Society. TV^e hofnai to obtain infoiioation 
on the curly inhabitants of the island and the diflerent ecological, 
climatic, and cultural conditions that had prevailed there at different 
times in the past, on the phy»cal type of the old populations, and on 
Uia cultural relstionsJiips between 1 he three Eskimo groups—^Dorset, 
Thule, and Sadlermiut. 

We plaimed to establish camp at Timermiut (Native Point), 40 
miles down the coast from Coral Harbour, and spend the greater part 
of the summer excavating at a lar^ abiindotied Sadlermiut site and 
a smaller Dorset culture site that had been roiiorted there (Bird, 1953). 
In midsummer we planned to charter an Eskimo Peterhead boat for 
ft trip over to uninhabited Coats Island to tlie south, where the 

509 




510 ANNUAL BEPOBT SMITHSONIAN ENETITITnON, IOC 6 



Fr^^iuiLit Ir—Genernl map of eaAlerrv Comditn Arctic. 

















ABOHEOLOGICrAL WORK IN ARCTIC CAl^ADA-—COLLINS §11 

Sadlenniul^ Wftre first encouuteired by Capt. Lyon in 1824 and where 
we hoped itlso to find village sites of the earlier Dorset people. This 
paper will be in the nature of a narrative aoconnt of the expeditioti^ 
describing the circumstances under which the work was conducted^ 
as well m t]>e results accomplished. 

On June 23 anr party^ consistmg of Dr. J. Norman Emerson, Wih 
liam E. Taylor, Jr*, Eugene Ostroff, and myself, was flown by the 
E- C- A. F. from Montreal to Chnrdiill on the west coast of Hudson 
Bay. Here we stopped ovcmight and picked up a supply of 5-m-l 
military rations, tents, and Arctic clothing which the U. S. Quarter¬ 
master Corpa had kindly provided for our use. The nest morning 
we flew over to Coral Harbour on the south coast of Southampton 
Island, arriving around noon. Our immediate destination was the 
Hudson's Bay Company post and Esfkimo village 3 miles east of the 
airstrip, but as most of the snow had disappeared from tlie ground, 
making sled travel overland impossible, we had to get there by a 
ronndnbout route. Our supplies and equipment were loaded on an 
Air Force truck and tsken to a small Eskimo settlement bearing the 
strange name of “Snafu," ou the coast 3 miles to the south. Here 
we engaged Eskimos to take us the rest of tlie way by dog team over 
this sea ice. It was a short trip of about 7 mil^, a new experience for 
most of the party and a prelude to the mnch longer sled trip wc were to 
begin next day. The name of this little Eskimo settlement comes from 
a wrecked oil tanker, referred to as the which ran agi'ound there 

during World War H. The proper tribal name of these Eskimos is 
Okomiut, but they are now also called ‘^Snafmniut," a designation 
they cheerfully accept, unaware of its somewhat derogatory connota¬ 
tion. The Okomiuts come originally from southern Baffin Island, hav¬ 
ing been brought to Southampton wlien the Hudson's Bay jxKt was 
established there in 1924. They constitute the minority element id 
the present Eskimo population of Southampton Island, ifost of tbe 
Eskimos now living on the island are Aivilika from the Kepuire Bay- 
Wager Bay aiva on the mainland to the we^, who were brought over 
by the whalers aroimd TIte total Eskimo population is about 

240, mostly concentrated around the Hudson's Bay poet, where we were 
now headed. 

A. T. SwaSeld, the post manager, met us and had our equipment 
taken up to one of the company storehouses and the neat little ^^room 
lodge where we were to stay until we left for Native Point The 
problem now was how to get dowm to Native Point* Normally the 
ice breaks up by July 4th so that bout travel is possible by that time. 
This year, however, the preepecta were that tbe breakup would be 
possibly as much as two weeks later. Aa we were anxious to get to 
Native Point and begin work as soon as possible, Mr, Swaffield called 
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in one of the Eatimo^ Pangiyuk, to discuBs th^ situatioix lilte most 
of the other Southampton Eakimos^ Pangiyuk speaks hardly any 
English, but Swaffield, throiigli jeary of expeiioncB as n Hndson^s 
Bay manager, has developed a oonsidei^ble proficiency in the Efikim n 
language. 

Pangijuk said that the sea ieOj though somewhat rough and aJoppy^ 
was still safe for sled truvol and that hia dog team and tlitec others 
were ready to take us down bo Native Point as aoon as th& weather 
permitted. The sky was then dark and overcast, it was raEuing and 
windy and the l*ftrt>nietor was falling| hut tlie weatlitr changes with 
surprising mpidity Ln the Arctic, and by nest momitig the rain had 
stopped and the jjun waa out. Our food supplier tents, sleeping bags 
and other equipment were hauled down to the Iturky beach and loaded 
onto tlie four ^deds. Because of weight limitations, the aircraft that 
had token ns to Coral Harbour hod been able to bring only half 
of our food supplies. The remainder wao to be brought over from 
ChurchUl on tjio July flight and delivered to ns at Native Point by 
the Eskimo Peterhead boat tliat w^as to feike us to Coats Island. 

It was perhaps just as well tliat we had no more of a load for 
the four slttls were already filled to capacity. A akiflf was lai^hed on 
each sled and tlie boxes and other gear piled inside {pL 1, A). This 
was necesaary in order to keep the supplies from getting wet, as the 
sleds were very low and would have to traverse areas whei-e at this 
time of year there would be up to six inches of water on top of the 
ice. It was also desirable tts a pn^eaiitionarj measure in case we en¬ 
countered wide leads in which a sled without a boat would sink: 

As tlje weather w as lirie and the night as bright as day, we planned 
to go directly to Native Point without stopping for the night, hoping 
to make the 40-mile trip in around 10 hours. This proved to be a 
somewhat optimistic estimate, for the trip required 14 hours, including 
time out while the Eskimos hunted seals basking on the ice hesdde their 
breathing holes. 

The sleds were pulled by from 8 to 10 dogis who joggnd along at a 
good trot to the constant accompaniment of die drivers* ‘^Vo-ah^* 
(right), ^Ah-ee^* (left), and other sounds more like grunts than 
words but which were clearly intelligible to the dogs. Sometimes, 
though, when the doga had not responded properly there wonkl be a 
deluge of words—undoubtedly Ef^kimo invective and profanity—simi¬ 
lar in purpose to the conventionnl remarks a mule driver uses in ad¬ 
dressing his team. Wlien language failed, the long whip would swish 
out and the offending dog would emit a surprised yelp and start 
pulling. 

There waa almost as much water os ioe surface, though most of 
it was only a few inches deep, in pools that usuaUy contaiued deeper 
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holes which had to be avoided (pL 1, B). The sleds negotiated the 
open leads and pools with little trouble, Uiough for the pussengeir 
sitting on top it was a rather boUJicy, bumpy ride, frequently inter* 
rupted by his having to jump off and help puE the dcd over an ice 
hummock or through a patth of soft snow, bfost of the leads were 
narrow enough for the dogs to jump over. Occasionally, however, 
there were wider lends, half tlie length of the sled, which the dogs 
would have to swim, and here it would be necessary for Eskimo driver 
and passenger to hop off and help pull the sled across. 

At 5 a. m. on June 26th the long trip was over as the weary dogs 
puEed tlie sleds up to th© beach at Native Point and settled down to 
rest. But before we could rest we had to unload the sleds and haul 
oup gear over the rocky beacli to the dry level spot 100 jnxds away 
that we had selected as a camp site. Tlie waE tent was set up, we 
brought our sleeping bags inside and went to sleep about 6 a. lU. 
T^ater that day we put up the other tent, got camp organized and made 
a preliminary inspection of the ruuks wo were to dig. 

With the departure of our Eskimo friends nert morning, we were 
the solo inhabitants of Native Point, or indeed of the whole southeast 
end of the island. The first day was spent looking over the sites, ei* 
ploring the gravel ridges—old beach lines-*-to the east, south, and west, 
and planning our operations for the summer, I had selected Native 
Point for excavation largely on the basis of a manuscript report by 
W. D. BeU, archeologist on Dr. J. Brian Bird's geographical expedi* 
tion of 1050 (Bird, 1053). Bell had reportetl that this «te, known 
to have been the principal settlement of the extinct Sadlormiut, con¬ 
tained the largest aggregation of old Eskimo house rums in the Ca¬ 
nadian Arctic. He had also discovered some middens containing 
Dorset culture material on an elevateil headland 1 mEe away. 

Though we expected this to be a line spot areUeologically, we were 
harflly prepared for what we found. T-he badlermiut site was tre¬ 
mendous. It consisted of the ruins of about 75 semisubterrancan 
dwellings in additimi to a dozen old “^qarmats” or autumn houses built 
by Aivilik Eskimos w'ho had camped there in recent years. Some of 
tiic older SadJermiut houses appear now as only alight depressions on 
the grass-covered surface of the old l«ach ridges, but niost of them are 
fairly well preserved, their sunken interiors and entrance passages 
fiEed with a jmnblo of stones that had formed the walls and roofs 
(pi. 2, A). TVlmle bones, which the Thule Eskimos and the Sadler- 
miuts on the northern end of the island often used in house construc¬ 
tion, had been rarely used for that purpose here. The walls were 
made of stones and blocks of sod, and the floor, roof supports, and 
sometimes even the roof itself were of stone. The ground outside the 
houses was Uttered with the skuEs and bones of animals eaten by the 
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SadJermiuts, mainly seal9, walruB, caribon, and polar bears, and addi¬ 
tional tiioiiSftJKls of sudi bones were visi ble in tbe bottom of a shallow 
pond which dried up before the sumiueF was over (pi. 2, &). Stone 
cairns and meat caches by the hundreds were found along the beach in 
front of the site and on the old shorelines for miles around. Human 
burials, numbering well over 100, Avera to be seen at the site ifaulf and 
along the adjacent beach ridges. The burials witliin the village were 
of the surface variety; the bodies had been laid on the surface of the 
ground and merely surrounded by a row of stones. Away from the 
village the bodies had been placed in carefully constructed vaults of 
limestone slabs (pi. 3). Human skuUs and bones were also visible in 
some of the house ruins. These were the remains of the veiy last of 
the Sadlenniuts, who died hero in the epidemic of 1902-3. Most of 
the graves, however, were made of stones tliat were hearily incrusted 
with lichens and were probably more than a hundred yeara old. 

To excavate a aito of such magnitude cornpletoly and carefully would 
have required years of work by a party far larger than ours. How¬ 
ever, our plans d id not call for extensive excavati ons. Wc wisljed only 
to sample the houses and middens, diggbigenough to give us a rounded 
picture of Sudlcrmiut culture and leaving the bulk of the site intact 
for future archeologists. We planned to dig only tAVo bouses, Kum- 
ber 37, which appeared to be one of the moat rijcoiit, and Number 30, 
one of the oldest (pi. 4). The excavation of these houses and of 
selected midden areas end graves yielded a large collection of artifacts 
which provided the essen ti al information needed. Some of the Sadler- 
mint artifacts are illustnited on plate 5. 

Tlie Sadlermiuto have been one of the puzzles of Eskiunn ethnology. 
They Avera first described by the British explorer CapL G. S'. F^you, 
who met them in 1824 on the southwest coast of Coals Island, which 
then and for many years later wits thought to be a part of South^pton 
Island. American, English, and Scotch whalers began operating in 
Hudson Bay in the I860's, but as far as known they rarely f-nmn into 
contact with the Sadlermiuts who, probably because of tllcir isolation, 
remained aloof from other Eskimos as well as whites. Three of the 
whalers. Captains Comer (1910),Munn (1910), and Ferguson (1938), 
published brief observations on the Sadlermiut, and a number of their 
typical artifacts, collected by Comer, were described by Boas (1901-7). 
In 1022 the Danish archeologist Dr, Tlvcrkel ^bithiaasen while cx- 
^vating on the north side of Sonthampton Island, obtained valuable 
information on the Sadlermiut from two old Aivilik Eskimos who had 
lived for a feAV years among them (Mathiassen, 1927). 

The Sadlermiut population seems to have declined steadily after 
the coming of the whalers. Iti 1896 Cflpt. Comer estimated their 
number at 70, most of them liirUig at settlements on the sourii side of 
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the island, mainly at Natiye Point In th© winter of 1902-3 the 
SadJcrmiut were struck by an epidemici^ which Bcetns to ha^e been 
typhoid, and the entire tribe perished except for two childreii who 
had previouHly been adopted by the Ajt ilifc. 

Without exceptiaUj those wIjo had an opportunity to obserre the 
Sadlermiuts were impresaed hy the many differences between them 
and other Canadian Eskimos. Their language was different^ they 
lived in perinanont semisuhtermncan stone dwellings instead of snow 
houses, and the men wore bcaTskin troiu^era and tied their hair in 
an enormous knot above the foit^head. Another striking differanra 
was that the Sadlermiut, instead of using iron tools like tho Eskimos 
all around them, still made their knives, hnrpoon blades, and other 
implements from chipped flint. 

It has been oonunonly thought that the Sadlermiut were the descend¬ 
ants of the old Thule people, the last remnant of this prehistoric 
Eskimo population which originated in Alaska and spread eastward to 
Arctic Canada and Greenland some seven or eight hundred years ago. 
There was undoubtedly a connection of some kind between Sadlermiut 
nnd Thule, but as a r^nlt of our work at Native Point it sieams more 
likely that the Sadlermiuts, instead of being the actual descendants of 
the Thule people, had merely bean influenced by Thule culture* On the 
other hand, there are stroug indications that the Sadlermiuts weie 
related in some way to the Eskimos of the prehistoric Dorset cnltura, 
perhaps even descended from them. One of their most important 
implements, the harpoon head with which they captured seals and 
walrus, was demonstrably derivetl from one of the Dorset typea^ 
In our excavations at the Sadlermiut site and the tliree Dorset sites 
at Native Point, we found harpoon heads that dearly show the transi¬ 
tion from Dorset to Sadlermiut, Stone side blades on knives and 
lances are another feature which the Sadlermiuts appear to have 
taken over from the earlier Dorset people. Our later work on Walrus 
Island suggests that even the Sadlermiut form of dwelling may have 
been borrowed from the Dorset Eskimos, It might also be mentioned 
that the Sadlermiut, accord iitg to their own tradition, came to 
Southampton from Baffin Island, and that i heir dialect scemg to have 
been related to that of the Okomiut of that area. The Sadlermiut 
also lived on Coats Mand and probably on MnuEel and the islauda 
in Hudson Strait, and it was on these same islands and the southem 
part, of Baffin Inland that the Dorset culture had previously flourished. 
In abort, both prehistoric Domt and modem Sadlermiut occupied the 
same territory in the Hudson Bay And Strait area. Though the ovi- 
dence is still incomplete, it would fieetn not unhkely that the Sadler- 
mint, whoae onomalonB position has long puzzled ethnologists, were 
the descendant of the mysterious Dotaet people who were the other, 
and principal object of study of our expedition. 
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Thft Dorset culture wus first described by Dr. Diamond Jennet 
(1025) on the biisis of materia] in the National Museum of Canada 
excaTated by Eskimos at Cape Doi-set on the aouth coast of BalTm 
Island and on Coats and Mansel Islands, The material described by 
Jenness diffeml strikingly from that fomid at Thule culture sites. 
The Dorset |>eople had clijpi>ed-stone instead of rubbed slate im¬ 
plements. Tlieir harpoon heads and other bone and ivory artifacts 
were small and delicate, and entirely different in form from those made 
by the Thule Eskimos. The Dorset collection contained no trace of 
such typical Thule elements as whalebone mattocks, snow shovels, bone 
arrowheads, bow drills, iilus, harness toggles, or otber evidences of 
dog traction. Another striking d i fie rence was that the Doriet a rt i facts 
were usuaUy deeply patinatCfb In the past 25 yeara Dorset sites have 
been excavated at a number of localities in the eastern Arctic from 
Newfoundland to Greenland. These excavations, however, added 
little to whiit Jetmeas had originally deduced os to the age, relation- 
slaps, and significance of the Dc>rset culture- It was clearly fdder 
than the Thule culture, for Dorset iniplements, and in some case^ 
Dorset occupation ievels, were fold id underlying Thule (Heltved, 
1544; Collins, 1950). Though the Dorsels had ocupied the central 
and eastern Arctic many years before the ai rival of the Thule people 
in the twelfth and thirteenth centuries a few groups of them con¬ 
tinued to live on long after that. Evidence of this is a ^^iiiall Dorset 
site of post-Thule ago excavatci.1 by Dr^ Deric O'Biy an (1053) on 
Mill Island to the east of SouthemptoiL And if the hypothesis 
mentioned above is correct, the Sadlcrmiut iJiemselves may have been 
such a remnEknt group, though one greatly modified by contact with 
the Tliule culture. To teat this Ikypotlu^ia we would nwd information 
on Sadlermiut sites eomewhat older titan tJi© one at Native Point, 
sites that might reveal an earlier stage of Sadlenniut or Dorset- 
Sadlermiut culture lacking distinctive Thiile traits, particularly the 
Ikiw drill 

The main Dorset culture site at which we excavated was 1 mile to the 
east of the Sadlermiut site. It was situated on the gently sloping sur¬ 
face of a 70-f<}ot“liigli heaiiland, a hill or plateau of glacial till, which 
had oDce fronted on the sea but which now lies half a mile back from 
the present beach (pi. fi, A). Extending east and west over this now 
elevated surface and clearly visible only from the air, are a number 
of low, closely spaccfl curving ridges of sand and gravel—remnants 
of marine bars that were formed when sea waves washed over the 
surface during tlie jxist-glacial marine submergence that inundated 
the Hud^ri Bay lowlands following retreat of the glacial ice. 

It would be dilficult to imagine two Eskimo habitation sites more 
different than this and the big Sadlertoiut aite* The Dorset site, 
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which was mmh larger than we had anticipatedj had the appear¬ 
ance of a flat, level meadow or pasture (pL 6, B). Its surface 
wBiS covered hy a sparse, diy growth of vegetation, mostly loW'growing 
saxifrages, grosser and lichens, in striking contrast to the lush 

growth of grass and other vegetation at tha Sadlermint site. This in 
itself was an indication of age, for recently abandoned habitation 
sites, wliich still retain much of their organic conteritv, always support 
a dense plant growtlL At this Dorset site, however, the scanty plant 
cover showed that the nutritive elements had long since been absorbed 
from the soih At the edges of the steep bluff and at other places where 
wind erosion had removBd the vegetation the ground was littered with 
flint chips, occasional stone and ivory artifacts, and bleached aiumnl 
bones, mostly of seals and birds. We soon found, from testing, that 
shallow rnidden deposits extended discontmuous^ly for an area of 
over 30 acres. These middens, covered by scarcely more than an inch 
of sod and vegetation, were the only indication tlmt the site had ever 
been occupied by man; there were no large stones, no house pits, no 
surface irregularities of any kind. But before the auturner was 
over, our excavations had yielded over S5,000 mammal bones, addi- 
tional thousftJids of bird l>ones, and about 3,000 artifacts that were 
to throw new light on the whole problem of the origin and relation¬ 
ships of the Dorset culture. 

Wo called this old Dorset site T 1, from Tunermiut, the Aivilik 
Rskimo name for Native Point. A second, and later, Dorset site, 
which wo found buried beneatli about a foot of windblo^vn Mtid near 
Ihe Sadlermint site, wa^ called T S (pi. 7, A). In 1^5& a third Dorset 
site, T 3, only slightly younger than T I, was found on the old beach 
line immediately below it, at 40 feet above sea level (pi. 7, B). 

Midden areas at different parts of T 1^ dosignateil as Middens 1, 2, 
3, and 4, were laid off in fi-foot squares, and a number of lest pits were 
dug at other places. As the midden deposits were eh allow and rested 
on well-drained sand or gravel, they were not frozen. Permafrost was 
encountered only at a depth of 3 feet nr more in the underlying gravel* 
The first day’s digging wiu 3 sufficient to show ns that this was a very 
unusual Dorset site. Flint implements were far more abundant than 
any other arlJ facts, and they were small and delicately chipped, like 
Dorset impleinerits generally (pla. 8, 9). Most of them, however, 
differed in form froni previously known Doi^t types, and some of 
them were unlike anything kno^vn from Arnericn. Tlio majority of 
the blades would l^e described as microlithic, and some of tlieni in 
shape and technique resembled microlithic types found at early pre- 
Bsldmo si tes in Alaska and at Mesolithic sites in the Old World. The 
ivory harpoon heads, though basically Dorset in character, were 
specifically different from ihoee found at most other IX^rset sites. 
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Other of ivory tind bono such as dart points, knifo hajidlea, 

scrapers, and ornaments (pi 10), were recognisinble as Dorset mainly 
because line holes and other perfornticins, when present, were always 
cut or goufred out, according to invariable Dorset custom, for these, 
like all other Dorset people, had no knowledge of the bow drill. How¬ 
ever, tlifi forms of the implements themselves were for the most part 
new to the Dorset culture. The few ornairteutg and the simple 
straight-line decoration on artifacts also had no esact counterparts in 
Doreet culture. Finally, we found no trace at T 1 of such typical 
Dorset types os closed-socket harpoon beads with two line holes, open- 
socket heads with single spur and line hole at edge, harpoon fore- 
^afts with lateral line hole, email kn ife handles with deep side socket3^, 
ivory nnmers for hand sleds with ends fitted together, ivory spatulas, 
projeotUe points with deeply concave bases, end scrapers with es- 
panded edges, concave side scraperSt asymmetric km fa blades, and 
grotesque human and animal carvings. The absence of these typical 
Dorset features conld hardly have l>een accidental for the amount of 
material excavated here was considenibly greater than from any other 
Dorset culture site. As the work progressed it became dear that the 
T 1 site, though conforming in general to the basic Dorset pattern as 
known from other sites of thia culture in the central and eastorn 
Arctic, was in many other respects specifically different. It reprO’ 
sented a new and distinctive phase of the Dorset culture; or, if it 
could be proved to be older than otlier Dorset atee it might more prop¬ 
erly be described as proto- or formative Dorset. 

The question that confronted US wag whether the T1 site did, in fact, 
represent an older, simpler stage leading up to the classic Dorset cul- 
turoj or perhaps a later, somewhat degenerate stage. Tlie former ex¬ 
planation ecenietl more probable, for several reasons. First, the small 
T 0 site, which was typical Dotset, seemed definitely later than T 1. 
It was adjacent to the recent Sadlermiut site and was only S5 feet 
above sea level in contrast to the 70-foot elevation of T I The mate¬ 
rial excavated at T 2 included hardly any of the types that were 
prottunent at. T 1. On the other hand, it was significant that the 
limited excavations at T 2 yielded a muiiber of typical Dorset imple¬ 
ment that were not found at T 1* Tliese were harpoon blades with 
deeply concave base, a^syinmetric knife blades, slender knife handle 
with deep side socket., ivi^ry sled runners (for hand sled) with enda 
fitted together, and late Dorset-type barpon heads (pi. 11). M these 
were types that wei^e characteristic of O^Bryon^s late Dorset aite on 
Mill Island, it soemed clear that T 2 was later than T 1* 

Tlie stone implejnente provided another means of deciding the ques¬ 
tion. As mentioned before, some of ti^e T 1 ImplemeDts were typea 
not proviouely found in America. Among the^ were long rsctangu- 
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A. LoAdiu^ dog ilrda lE Corai Ha^rbotir for40-mite trip over the ici icc tq N>tivt Folnt* 
Tun? 23, 1:954- Bqjita -were La&hcd tq the $lrdi to hnld the cfl.r|^ And pDOECETt it fro>iTi but- 
Tacc titter. 



Br C3tic oI the Altdi cro*iii]g a pool of water on the ire. 
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PHTE 3 



Sionc hurial nillc SSW. of The SadJermmT aitt 



If 'ilie ta.mc burial wStii covering a-toirei rtiTiovcd. Hst b>ody W-ttli Ti> ■fO-jeJiT 

'..j ___:_^ ^5 jji the SaJlcrnliut burials, lemminfia hail built their hfists hert and 


old iiTDifian- ... ^..-f 1 i_ 

liTfc impHDDiiblc fnr piftlj-l dnHirray of UiiE tnn£lx 
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A. Fjcai^atPCHiH aL HnuBc 30, ofir fpf Uw uIdrtT housP* SI the SadIcrmiuE rile, llic huuec 
dpprcwk>n> fli right, and arras adjacent lo it went marked off In s^^uares. 



B. Tbe Hdliic 3'0 exCAVaiibiia at a later itage. 









SmLTHSOMIAN REWRTi I9M.—OQLUlNS 


PLATE a 



fhaft lor irOEi-poitit«l JrilL 




5MLTHSOMIAN FICPQHT, IM—COLLINS 


PLATE 6 




F ^ “Tf-- ir^ aruficTi 

o ^he ^ ‘""P'” P»^ 
















SMlTH^NiAN REPORT, I MS-—COLLI HS 


PLATE T 



LX'ifbcL siie, J 1 , adjaccni: ed [h^? Sa^ilt^rmiuL titc. SAdlenniiiE ariifacta 
\^^L'tl-preflcrTCi3 BMirilnl bonre were foiind if: [fu 12-iiich layer of windblown u^rid tlial 
cavered lltr LIdItcI. stratuDi. The I a [ter, a ol black -eJirih, cocilaint!^ nuiiierDua 

aConcB atuE ^veathcred and paxinaiG^ anirEiBLl boncB and Jii llfatEi d\ DchtcL origin. 



B. nejftnnirrfj etcaViilii.^n:? M T J, an carEy f^iirct lit*! Otily ^.lightly vTmnper Ltiau 1' J. 
PhiOEojxrapf] raken June 25, iLT^ktltt' ESE- C-Lnwniril Lhe T 1 pluteiiu with 5>n{>w bank 
at Uk ha^Cn 
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PU^TE i 



I ]■ ^^atura] fi»r, ii-^t rifjphfElc. end bladn^ btfact^d 

and uni Faced; m Jar^ blfacrtf blade ¥Fith lUntEng bat4^; n-r, side bliidcii worked on both 
■uriAcci; f, Wirked on lUriTacc only); /-t, Jcnpcraj blade tAfl^ ift'Klh lidc notches; 
burtn; bunnLkc implrtncnti widj tfDund edgci and aidea. 
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FUke and tpaU Implcmcnift fitim T I, chat. _ Xatuo] eu£. it-e, mtcmblad*?, iiruck from pn?- 

pijcd coru;mi^Fobladn wstb Lun^; tpaiEt jmick {min cd^ of pncpar^ com 

or chipped blad^ (f. Itruck from the cd^ of a bifaeeJ knEir or pinjcntde blade, retauiK the 
lip of the parent blade); m-tn klllve* madi^ fnom lEiierDbladci and fumvler ilAkca, mth one thick 
ed^ and ihc oppciite edge eharp for Entting; eit-yp tHanhuEar mitEtdiihtf uiually with osef'dgtr 
dulled and a fpaU rcnkDVtd from oppcaitc ^ sp^ impleiacDtiFp liomE £^cly nctcuillied 

At upper end^ probably used far grtioymg^ uueFicd ui pompoiitc handles like plate 10^ 4+ 
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RcprMcnUtiyc artifacts froRii T 1. Narural tir£. it-f+ ivory harpoon hcacts; ha^rpoop 
fortthaflp 3vor>" b^rbril ivory polniEl| g, ivory knee (wad with «idc blade socket^ A, 
hair of a tompoilte lyory handle or lookrt for haLdin^ flint tpall; ij, needk* made of bin! 
bone; ivory objerta, uic unkiiOWn; I, flint ker mark of walma jaw bone; o,p, ivoiy 

ditkf; trian^fular leelkii of purple damiliell; r, ivory knife or icraper. 
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Arttfacli itvm the Ute DottfJ iltc T 2. NsHwral akr. d, iVDrjf IlirpoOH hepd with c&EtoKd 
rartannilar tockft^ right hJl^^ of haBJiI jpur brolKCi i* barbed dirt^^ilh enctoied irc- 
tAnguUr liickct, ivory; ttd, Irary knife handiei with deep toefeet :for .«ac blade n upper 
end; r, harpoon or ianee biadt concave buej Ai, aiyitimetric knife blades - lectiwi 
pf jvqiy runner for hand ited| A, ivory carving of loon^ 
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A. CountiNf ihcl mpicnnia] bn-ncE ciuvAicd Huuec 30, ^adlcnniLiL iiLZr Ovtrr 

45,(XX3 mammal fapnca tmvalcd inm this And ihctfarly R^riract b\i^ T L revealed mtercBiinij 
difTfrciiecfl Ui line fcjod econamj’ nfid hunticL^r practiced □/ the iwu gttmp* of Elklmoft who 
hjid nihabited ihe jame region ^.000 yearB apart. Bird boncB, numberine Ln, the thou¬ 
gh ndE, were bmu^'ht baeL Lo the Smlilitoniftn for iderii]liied.i!on- 



The Peterhead boat AdysiPwi bcin^ Eoaded with iuppllc* and equipment lor an cAplorin^ 
trip to Cciari ULatid, June 1954. 
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PLATE T3 



.\ AivUik mcmlKrt of (he boat ft™, Uktdufc md Nafsayvit, Itatlit belidr a n,u»I.T».ra- 
5haiKd caim al an abinjiilicd Sadlcrmiut rite oil luiitli slion: cf Coat«_ Isla.id- CaimS Of 
lUw Bhapt, peculiar LO the wtre used aw platfiirmfr fur iionng meal. 



llouae No* J 11 tlie SadlcniliuT site m Coat* Istan^ after el^vatain had resKateJ the 
atone floorimi and Cinr of ihree >U*pin!; plltfonna, shown at Irft. At «mier, atone irof 
llipports. itiS iP plico, bold the Aal akha of limestone that hud formed tlie roof of the 

tlOUK 
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PUATe H 



A, Him 1 ^ Nu. i, GIE1C of the oldcEt-fook] boLi&c ruint 41 T ltl4 Walnut Island ute. limircd 
cicavationa in jnd an^uud this houie yk-ldcd oji!y Donct anifans: 



B. J Ljusc 6 . one uf lie more jecenl Lquks it laknd. 11,« Imjubc. coiwinictcd of 

granny Wabi and mujdtn, Wa» ciai'-erleaf in ikapc. 
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lar aid& blades with shallow flEiking on on© or both Eurfacea (pL 8^ 
r); spalls struck from the kterii] of prepared cores or of chip[wd 
blades (ph i-l) I and kiiivea o^ade from tnicroblndes and heavier 
fkkes^ liaviDg one edge shfirp for cutting and tiio opposite edge tlilck, 
like the back of a penknife, to serve as a rest for the linger {pL 9, m-t?), 
The first two are types that occur at I'llesolithic and early Xeolithic 
sites in Mongolia and Siberia (Maringer, 1950, pL 30, figg. 1,4, 5^ pL 
25j figs, T, 8; Okladnikov, 1950, fig* 52). The third typo is one tlmt wss 
similar in function, though not in method of manufacture, to the 
'Tracked” blades so dmracteristic of the Old World Mesolithic. Plate 
8, A, is an tmtisual flake blade, the under or bulbar surface of which 
is carefully retouched along the bage, lower right edge and upper end, 
while the outer surface, illustrated, is unitiodiiied. In form and tech¬ 
nique this blade is closely similar to some of thosa from Mesolithic 
sites (Khina period) in the rogloa of Laka Baikal and Uie Angara 
Hiver {Okladnikov, 1950,figs. 10,1?)* 

There was still another reason for believing that the T 1 material 
may have had Mesolithic affinities and that it represented an early or 
formative stage of Dorset culture. Microblades—narrow rectangiilar 
or pointed flakes struck from prepared cores {pb 9, 13 ^)—and deli¬ 
cate spall implements (pi. 9, were present in large numbers at T 1, 
and several burins (ph 8, at) were also found Burins, spalls, and 
mieroblades are among the implements most characteristic of the 
Denbigh Flint Complex recently discovered by Dr. J. L. Giddings 
on the Bering Sea coast of Alaska (Giddings, 1951). The Denbigh 
culture is at least 4,000 yeais old and probably older, and it has strong 
counectiuns wjth the Old World Mesolithic* Though older than any 
known stage of Kskimo culture, there are strong indications that the 
Deohigh Compki was one of the Eource^ from which the Dorset cul¬ 
ture was derived (Collins, 1951,1953; Harp, 1953). 

More conclusive evidence of the age of T 1 finally came from radio^ 
carbon analysis, the newly developed technique which moke© it pos¬ 
sible to date organic tnaterlak by measuriiig the amount of carbon 14 
which they contain. Pieces of charred mamiiial bones from one of 
the test cuts were submitted to the University of Pennsylvania Car¬ 
bon-14 Laboratory and were found to be 2,060:*:230 years old- This 
may be taken as a minimum date, for grass roots had penetnited even 
the deepest parts of the T 1 middens, and thus could have contributed 
an unknown amount of more recent carbon to die bone fragnicnts. 
The T 1 finds are also of interest in connection with a larger prob¬ 
lem, that of the origin and relationships of Eskimo culture as a whole. 
Close lescmhlances have previoudy been observed between the tools 
and techniques of the earliest Eskhnos and those of She early Neolithic 
and Mesolithic peoples of Eura^a, particularly in the region of Lske 
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and northern Europe. On t he basis of these resemblances the 
present writer liEis suggested that Eskimo culture was of Old World 
origin, its earliest roots stemming from the Mesolithic cultures of 
Eurasin (Collins, 1943,1951), Tho T1 artifacts, which include nddi- 
tionnl types resembling those of tho Mesolithic, as wdl as those of the 
Denbigjj Flint Complci, would seem to lend weight to the hypothesis. 
In drawing this conclusion it is recognizci) of course that the T 1 sit® 
is thousands of years later than the Old World IMcgolithic. It is 
equally true, otl the other hand, that esbiliHshed culture patterng may 
persist owr long periods of time. The Dorset people, in the isolation 
of tiie Arctic, may have perpetuated Mesolithic techniques and tradi¬ 
tions that had long si nee faded away in the Old World. 

The early Dorset Eskimos who lived at tho T 1 site were a hunting 
people, like all Eskimos, and sea mammals were their principal source 
of food. The viUage they occupied 3,000 years ago is now half a mile 
back from the shore, an inconvenient location fur people who were 
dependent on the sea for their livelihood. However, when the site was 
occupied geographical conditions in the Hudson Bay region were cou- 
aiderably different from those of today. As a consequence of the post¬ 
glacial marine Bubmergencc the sea level stood higher in relation to 
the land, so that the T 1 plateau was much nearer the sea than at 

TliDiigli we uncovered a number of hearthfl wliero the people had 
done tlieir cookirtg^ Vi's could find no traces of dwellings of any kind. 
They might possibly have lived In snow houses, which would have left 
no trace, hut this seems unlikely as we found no snow knives which 
E.^kiinos always use in constructing these winter dweUings^ moreover, 
the large number of bird botsca in the refuse suggested that the site 
had been oficupied in summer ns well as winter. If the climate 2,000 
years ago was milder than at present, for w-hich there is some geologi¬ 
cal evidence, the people could have lived there the year aronnd in light 
skin-covered tents. Whatever tlie climate may have been, we can be 
sure tliat the early Dorset people wore tailored skin clothitig, for bone 
needles, which could only have been used for sewing sktits, were ex¬ 
ceedingly common in the midden deposits, The skins used wtcc prob¬ 
ably those of seals and birds or, less likely, foxes. 

In order to leam as much as possihls of their food habits we kept 
every slilmal bone that was excavated. These were counted and when¬ 
ever possible identified as to species. The mujority of the mammal 
bones, such as riba, vertebrae, and foot bones, w'cre too difficult to iden¬ 
tify in the field, but the skulls, jaws, and body bones such as scapulae, 
pelves, and limb bones presented no great ilifficulty. In 1954 over 
25,000 mammal boneg were excavated at T 1, of which over 3,000 were 
identified, and almost os many were obtained from the excavations 
ot the Sadlermint site (pi. 12, A). 
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Comparison of tlic tiro series reveals some mteresting differences 
in Mie liimting practices and food habits of these two gi'oups of EaH- 
mos who had oceupied the same Icc^ity at dilTerent timea in tlie past^ 
The seal was tJie principal food animal of botJi group^^ represented 
by 60 and G5 percent of the bones* Nest m importance were the walrus 
and beanded seal, Foac bones were much more numerous at the Dorset 
site and polar iHjar bon^ were relatively lai'e at both sites. One 
somewhat surpriaing result of the bon© count ivos ©videnc© that the 
Dorset people made very littl© use of the c^riboUj which was one of 
tlie most important source of food of the later Sadlermiuts. More 
striking still was the fact that not a Eingle dog bone was found at T 1, 
though Uiey numbered over 6 percejit at tlio Sadlermhit site* Tlie 
absence of dog bones may explain the pauedty of caribou bones at T 1, 
Since they had no dog sleds and therefoii^ no effective means of winter 
travel, the early Dorset people would have been unable to go on long 
hnnling trips to the eastern side of the island where the caribou mostly 
lived* 

Birds were also an important elemenh in Ijie diet of the Dorset and 
Sadlermiut people if we may judge fiom the thousands of bones exca¬ 
vated and brought hack to tha Smithstmian for identification. In the 
eastern part of the Dorset site about 90 pei^ent of tli© bones were those 
of birds. It ifl probable that this part of the sit© was occupied only 
during the summer months w'ben enormous (locks of migratory birds 
come north to breed. There are no indications as to how the birds 
were captured. We found no bfdas weights or bird spears such as 
other Eskimos, including the Sadlermiut, used for this purpose. The 
early Dorset people may have caught their birds with snares made 
from perishable materials such as skin l.hongs or sinew, which would 
not have been preserved* 
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Identification of the bird bon^ from T 1 will provide at least a par¬ 
tial inventory of the kinds of birds that migrated to this area 2,000 
years ago, for comparison with those now found there. The low-lying 
area around Native Point, with its network of ponds and lagoons, 
fairly swarms with bird life during the sommer. Tlie principal 
species that we ob^rved nesting were king eider and Old Sqnaw ducks, 
gulls, terns^ various kinds of waders, snow buntings, and Lapland 
longspurs. Flocks of Canado, snow, and blue were constantly 
passing by. Loons, singly or Ln small groups, seemed to maintain 
regular ftiglit achedulea over our camp, filling the air with their 
strident cacopbony as they shuttled at high speed from one pond or 
lagoon to another. From two to seven benutifid white swans were 
usually visible on the surface of the large pond, which we called Swan 
Lake, a few hundred yards from our teats* Longspaxs and snow 
huntings nested all around the camp area, seeking the protection of 
gr^y tussocks and of fallen rocks and crevices in the old house ruins. 
Tlie snow buntings showed a special predilection for old tin cons and 
humiiD and animal skulls lying on the surface urotmd tlie Sadlermiut 
site. 

Under a permit from the Canadian Wildlife Service we eoDected a 
small numliirof migratory birds, mainly Jaegers, gulls, ducks, geese, 
and loons, aa well as lemmings which were particularly abundant sn 
1054 and 1955. As the avifauna of Southampton Island is fairly well 
known, onr purpose wae not to collect bird skins for museum specimens 
but for the ectoparasites—lice and mitas—which they might contain. 
Each species of bird and mammal has its own species of insect para¬ 
sites, and Col. Rotjert Traub of the Walter Eeed Afedicol Center was 
interested in obtaining tJieee for study in connection with his investi¬ 
gation of the role of such parositos in the transmission of typhus and 
other diseases. One of my most tedious after dinner chorea was the 
^lousa hunt,” in which I would painstakingly examine birds and lem¬ 
mings in search of the elusive quarry. Tho jaegers, rapacious gulls 
with hawks’ habits that prey on smaller birds, were heavily infested 
with mite^ a^id several hundred could easily be scraped from a single 
wing feather and dropped into a vial of aloohoh Eseamination of the 
other birds and lemttiiiigs required constant use of the magnifying lens 
and was a much greater strain on one's ^esight and patience. Often 
the most prolonged flnffing of fur and feathers would produce no more 
than one or two Hoe or mites. 

Our other aftorhoura activities involved the collecting of plants, 
fogsils, fresh-water invertebrotes, moths, butterfiies, beetles, and other 
insects. The most abundant, arid unwelcome, form of insect life was 
mosquitoes. July was “mosquito month" and life would have been 
miserable indeed if we had had no protection against them. Fortu- 
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natelji however^ Dr* S. A* Hull of the U- S. Deparfanent of A^ienl- 
tore had provided us with mosquito repellents that worked like magic- 
With faces and hands covered with liquid repelleni, we were able 
to dig in relative comfort even on warm^ calm days, despite the 
frustrated buying of the clouds of mosquitoes that surrounded us. 

Wo were fortunate^ too, in the w^eather wo had. Though many 
days wera cold and windy and we had to wear our keaviest dothing, 
tlioro were many olUcr fine dear days when we could enjoy the warm 
eun and wisJi (Jiat there were more hours for digging, for exploring 
the surrounding country, and doing the other things we wanted to do* 
The average temperature was in tJie low Eometimos dipping down 
to freezing at night and then rising to W® or more at midday. 

On July 17 Sandy Santiana and three otlier Eskimos from Coral 
narbour—Napsyuk, Okerlufc, and Kolugjak—arrived in tlie Peter¬ 
head boatj Na]/ava& (Little Gull)» They had come to deliver the 
rest of Our food supplies and take us on an exploring trip to Coats 
Island. This island, though the second largest in Hudson Bay, ia 
aliil relatively little known. Few Ecientists have been there, and the 
geology, botany^ and animal life have not been studied. I planned to 
collect plants, fossils, and insects, and was especially anxious to obtain 
lemmingSj which might be of a different species from those on 
Southampton^ My lemming traps, however, proved useless, for as I 
learned from Sandy and later saw for myself, thig little rodent, so 
typical of most Arctic areas, does not live on Coats Islajid* Another 
typical Arctic mammal missing there is the hare. 

Our principal purpose waa to look for Eskimo ruins, aa the arche¬ 
ology of the island was also unknown^ Some of the material utilized 
hy Dr* Diomnnd Jermesa when he first described the Dorset culture 
wa^ reported to have been excavated by Eskimo^ on C<jatH Island. It 
would appear, therefore^ that Dorset sites existed somewhere on the 
island. We also wished to locate Sadlermiut aitea. The Eskimos 
whom Capt. Lyon found at the southwest end of the island in 1S24 
were in all probability Sadlermiuta, hut bo far as known this was the 
first and last time that anyone had seen living Eskimos on Coats 
Island, except, of course, the few Okomiuts who were brou^'bt there 
by the Hudson^e Bay Company ala>ost a hundred years later. The 
native inhabitants of Coats Island had simply disappeared from 
history. They may have died out or moved away soon after Lyon's 
time» or some of them may have continued to live there, isolated from 
other Eskimos, for some years later. From the mins that wo might 
find on the north side of the island wo hoped to determine whether 
the Coats Island Eskimos were, in fact, Sadlermiut, and if so whether 
they differed in any way from the main body of the tribe that had 
lived on Southampiom 
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The Nayiivak ’Bffts a trim littla veesel^ 40 feet long and powered by 
a gasoline motor* Our quarters were in the tiny cabin in the bow, 
which WQ 3 large enougli for three men but rfttlior crowded for four 
(pL 12, E). 

About an hour out of Native Point wa encountered dense fog and 
heavy fields of ice* With visibility of 100 yards or less we slowed 
down to half spaed, about 5 miles an hour* Sandy was now forced 
to follow a zig-zag course, steering with his foot as he stood up in 
the little wheelhouse peering ahead Su search for safe openiogis among 
the ic 5 B floea. By midnight we were out of the ice but the fog con- 
tinned until we finally andiored at ^ a, m. When the fog lifted later 
in tlie morning we found we were about 2 miles offshore from Coats 
Island* alwut midway of the north coast. 

The then headed eastward «knd a few hours later was 

approaching the north end of little BcncftS Island when we saw 
four old house ruins on the opposite Coats Island shore. We moved 
in closer and we)tt ashore in the canoe to investigate (lie ruins^ pre¬ 
pared to stay all day, Tiie houses were not the only evidence of 
hiinmu activity at this abandoned settlement. Between the houses 
and the beach wo found an aiTay of stone structures—caches, cairns, 
and a mmiber of others difficult to identify as to function Tlie most 
inipressive of these stone structures were two vyell-prcserved cuims 
of a peculiar ^mtishroom^ shape (pi. 1^, A), a type which had been 
reported previously only from Sadleriiiiut sites on Southampton 
Island, This suggested at onco that the site was SadJenaiut. 

Wo lost no time in getting to work. Emerson and Taylor began 
excavating in Hotisc 3* tlie largest of the group, their first task being 
to remove tlie heayy fill of aod that had accumulated in the sunken 
interior. 0:=t!roff photographed the bougies and other structures find 
then began to excavate in House 4, the westernmost of the group. I 
began collacting samples of tlie graces, mosses, and flowering plants 
that grew around the site, and nmdo notes^ measurements, and sketches 
of the houses and oUier stone features^ I also made a careful but futile 
search of the suvrouriding area for traces of Dorset occupation. 

House 3 was a 3-room structure, built ^mewhat in the sliape of 
a cloverleaf (pi. 13, B)* It lin<l an over-all width of ^ feet and 
measured 15 feet fmm entiunce to rear wall. It had a carefully exm- 
structed floor of stone slabs and four sleeping platforms, aUo made 
of stones, rising about a fotjE and a Intlf above the floor* The roof, 
still partly intact, consisted of large fiat slabs resting on stone up- 
rights* Tlie walk were made of stones piled one above tim other. 
Blocks of sod were banked up along the outside of tJie walls and over 
the roof. Tho house was enteml by means of a narrow passageway 
10 feet long and 30 inches wide, at the ouler end of which waa a ^all 
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Stone anteroom. The otlier liou;£jes varied somewhat in size and ahape^ 
but had been constructed in tlie same manner. 

By 8 l>. ffl.j when we went back to the Na:^ava^ for the night, we had 
accLumdated a rich store of artifacts, most of them from House 8* 
Tliese included harpoon heads of bone and ivory^ some equipped with 
stone and some iron blades; ivory knife hnncUcs also with stone 
and iron blades; harpoon foreshafts and socket piecesj bone arrow¬ 
heads, bolaa weiglits for catching birds, lumps of iron pyrites for 
making fire, lamps made of lintcstone slate cemeiiled togcU^er, iron- 
bitted drills with nicely curved ivory handles, hamesa toggles, wh^t- 
stones, ivory ci>Tiili«, and dish bottons made of wlinlctenc, Thcfse 
artifacts were all typically Sadlcmiut in fonn, m wore the housos 
themselves and the curious mTishroom-shaped stone cairns. The well- 
preserved houses, some with roofs partly intact^ could noL have been 
abandoned for many decades, and the presence of considerable quan¬ 
tities of iron was u clear indication of wliite contact, probably with 
tho whalers. We had evidence, therefore, that Sadlermiut Eskimos 
had lived here on the north coast of Coats Island, probably witliin 
the psLst 50 years, though there had been no record of their existence. 

The next day we examined two lioiise ruins on the north end of 
Jiencas Island. They, t4M, appeaml quite recent but much less prom is- 
ing than those on Coats, so we returned and !^-|>ent the re^t of tlie day 
completing tho excavations we had begun ihrrc, after which we startenl 
back to Native Point, 

Tho wann, cabn weatlier that had favored us throughout the trip 
continued on this last day and the Peterhead glided along over a 
glas^ sea, surrounded by floating masses of ice tlmt slione like blue 
crystal in tho brilliant sniilight* Wo followod a course to the ea&t 
and north of Goats arid Boncas Islands, whero ico conditions were 
favorable for liuntiug walrus and the big bearded seal, or ugchuk, 
which the Eskimos prize for it5 tough skin as well as its meat One 
walrus and three ugchuk were sliot by the Eskimos and tlieir meat 
and hides slowed away in tlio hold. 

After the Coats Island trip we resumed our work at Native Point, 
remaining for another month until the Peterhead Akpa (Guillemot ), 
under command of Pamiitlik, came to take tis back to Conti Harbour. 

We had realized soon after teginning work at Native Point in dune 
that anotlier season^s work would be necessary at this remaikably rich 
and important old site. Accordingly we returned early in June of 
1955, fiupporteil in part by a teseardi grant from the American 
Philosophical Society. Tlie party ccinsisted of BiD Taylor, Norman 
Emerson, Jim 'Wright, and myself. As in tho previoiis year we went 
from Carol Harbour to Native Point by dog team, making tho trip 
in two day?t instead of one, a more comfortable arrangement that al- 
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lowed US to camp overnight at Prairie Point and examine an old 
Sadlemiiut villiige site of 15 ^one imd sod house mins. 

At NaU ve Point we had another bisj and productive enmmer. Ad¬ 
ditional excavations were made at the Sadlenniut site^ at tlie early or 
proto-Dorset site, T the later Dorset site, T 2, and at a third site, 
T 3, which apiwared to be slightly younger than T 1. A large body of 
material was excavated which strengthened and rounded out the 
archeological picture obtained the previous year. 

We planned to moke another reconnaissance trip to Coats Island, 
this time toward the southwest end, and on July 20 we set out in the 
Nayavah for that pur|>o9e. As it wjia not much out of the way we 
decided to stop briefly at Wolma Island wlierc there were several old 
houjse mins we wanted to examine. 

Walrus Island is a smitll granite islet 25 miles off the south eoEist 
of Southampton* The six house ruins lay in a valley extending east 
and west across the south end of the island- The thi'ce oldest-hxiking 
houses (Noa. I, 3, and 5) consisted of a single room round to oval in 
shape (pi 14, A). Another (No. 4), more recent in appearance, had 
two oval recta ngidar rooms. The two remaining houses (Nos. 2 and 
6), also recent looking, were cloverleaf in shape, with three rooms 
(pf. 14, B). Tlio house walls had been made of massive blocks of 
granite piled one above the other. Most of the houses were deep and 
all had entrance passages from 5 to 10 feet in length. In some cashes 
natural rock Icdg^ and huge boulders m sUu had been incorporated 
into the house structure to serve as parts of floorSj wells, or sleeping 
platforms. House No* 6, the best preserved of the group, had upright 
stone pillars—roof supports—still in place^ and fallen slabs indicated 
that the roof itself had been made of stones ag in the case of the 
Sadlcrmiut houses on Southampton and Coats Islands. The ab&cnc^ 
of roofing slabs and supports in the other houses suggested that the 
roofs liad been made of sJeina. 

When we began to excavate we had naturally assumed that these 
well-preserved house ruins were of Sadlermiut origin* They were 
similar in general structure and two of them. Nos. S and fl, had the 
clovcrleaf shape characteristic of tnany Sadlemiiut houses* ilore- 
over, some of these Walrus Ishtrtd houses had been partially exca¬ 
vated in 193G by the British Canadian-Arctic Expedition (Manning, 
1G42) and found to contain material dcacrihcd as re-sembling Sadler- 
mint, w^ith only a few Dorset artifacts which might cosily have been 
ex})lained os relicsL We hat] not been digging long, howpver, l>efore 
we began to suspect that the bouses were Dorset rather tJian Sndlcr- 
miut. With this uiiex|iected development, we stayed at Walrus Island 
for five days instead of going on to Coats Island as originally planned. 

Our excavations In and around live of the bouses piuduced over lOG 
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typical Dorset artifacts, mostly stone, and large nmnbeis of stone 
iltUces with retouched edges such os had been found at T 1, and Vi'hich 
were also probably Dorset. In contrast we found only three artifacts 
that were uu^juestionably Sadlemiut and seven others that were non- 
Dorset and tlierefore piobablj SadJermiut. Eight of the non-Doraet 
artifacts came from House 2, the recentrlooking house that was irreg¬ 
ularly cloverioaf in shape; however, the bulk of the material from 
this house, found on and between the floor stones, was Dorset. The 
other two non-Dorset objects were found in House 4, together with 
several Dorset pieces, also from the floor area. The three oldost-look- 
ing liouses (Nos. 1, 3, and 5) yielded only Dorset material, though 
little digging was done in the last two. No work was done in House 
6 and no artifacts were found in or around it; this well-preserved 
cloverleaf-shaped house, typically Sadlermiut in form, may well have 
been built by the Sadlermiuts. 

The few Sadlermiut artifacts that we found in Houses 3 and 4 and 
the apparently larger amount of such material reported by tlwi British 
Canadian-Arctic Expedition indicate that soD)e of the Walrus Island 
houses had been occupied by Sadlermiut Eskimos, probably around the 
beginning of the present century. Such an occupation, however, 
would have been secondary, for our excavations, which revealed Dorset 
material in the floor ureas of Houses 2 and 4, os well os Ui Houses 1, 
3, and 5, showed that the Dorset people were the original occupants of 
these houses. 

If the Dorsets bad lived in tie houses originally they also in all prob¬ 
ability had built them. The Walrus Island ruins thus provide the 
first adequate information on Doi^ house types. One of the houses 
that contained Dorset msterial, No. 2, was of thecloverleaf shai>e char¬ 
acteristic of many Sadlermiut houses. This suggests that the Sadler¬ 
miut may have derived their principal house type, like other features 
of their ^ture, from the Dorset It lends weight to the supposition 
that the Sadlermiut were culturally, perhaps even physically, de¬ 
scended from the mysterioufi Dorset people, who now apjiear to have 
represented the basic, dominant Eskimo population in the eastern part 
of the Canadian Arctic^ The Walrus Island finds thus rounded out 
the cultural reconstruction previously established at Native Point. 
There, at the proto-Dorset ate T 1 and at the somewhat later site T 3, 
we bad been able to trace t)ie earlier history of the Dorset Eskimos and 
obtain an insight into Dorset culture in the process of formation. The 
excavations at these early sites, plus those at the later, classic Dorset 
site T 2 and the Sadlermiut site, had thus brought to view a picture of 
cultural development and continuity over a period of 2,000 years. 
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THE CHEROKEE STORY 

WiiRN fiiat EnglisilL settlers eame to the shores ef North America 
tliey encountereti a series of enTirojimentnl bfirricrs to their settlement 
that had td be surmounted in the conquest of the continent, Fii-st the 
Atlantic Coastal Plain, then the Piedmont abor© the fall line, and 
finally the Blue Bidge loomed up as grciit natural features of the 
continent’s terrain requiring subjugation. Almo^ to the very end 
of the Colonial period tlie Blue Bidge and the Appulachian Mountain 
chain oonatituted a certain natural and formidable limitation to the 
horizons of eKpanaion of the new nation then coming into esistence. 

Finally, however, the Bine Ridge Mountains and tlielr aboriginal 
inhabitants, the Cherokee Indians, were conquered and their original 
area and range made part of the expauding domain of the newly 
formed rapuhlic, the United States of America, As the Scotch-Irish, 
Genniina, English, and other populations spread down from Pennsyb 
vatiia through Maryland, Virginia, the Carolines, and into Tonnes^ 
and Kentucky, tlie Ciierokco Indians were gradually displaced and the 
greater bulk of them moved westward to a new home beyond the 
Mississippi to the west of the Ozark Mountains. Only a fraction of 
these mighty waiTiors remained to guard for all time the inner fast- 
nesses of the Appalachians in the Great Smokies of out day. 

The story of the Clierokees and dieir homeland begin-s back in the 
dim recesses of geologic liistopy in the latter part of the Paleozoic 
age when the Appalachian Mountains came out of the great thrasta of 
the earth’s crust and became a major feature of the earth’s ^rface. 

Throughout the vast period of at lea^ 10^00jOOO estimated years o _ 
the Paleoaoic Era a gigantic land msss called “Appalachia esii^ 
along what is now the eastern coast of the United States. Its western 
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shores were most of the time ]iist east of the present Appnlnchians;, 
while its castcm border must hare been in Uie neighborhood of die 
present Continental Shelf. The rocks of Appalacliia were of pre- 
Cambrian age and from them was derived an enormous moss of sedi¬ 
ment in the western eea trough which was latterly uplifted to form 
the Appalachian Mountain chain* Hence the homo of the Cherokees 
U formed by the remnants of deposit of ancient seas of far-off geologic 
periods. 

The actual origin of the Cherokee tribe has been the subject of con¬ 
siderable speculation by echolars and students of these maCtei's* As 
we see them today the Cherokeea appear to be n race well adjusted to 
a mountain habitat and who may well have dwelled in these areas of 
western North Carolina for millennia. The early writers on tlie 
Cherokees thought that they detected many resemblances to the ancient 
Hebrews in tlie priesthood, “cities of refuge,” and ceremonial procer- 
dures of these Indians. They even pointed out physical resemblances 
in color of skin, shape of face, nnd other traits wiilch would ally the 
Cherokees with the so-called “lost tribes of Israel.” 

John Haywood, in his book “Natural and Aboriginal History of 
Tennessee” (1S23, p. 231 ff.), thought that the Cherokees were a tribe 
compounded of two populational elements. The first element was a 
group from southern Asia, perhaps from India, or from the ancient 
Near East, who established on empire centering at Katciiez on the 
lower kfisslssippi liiver. These people built mounds, erected idols, 
performed human sacrifices, erected walled wells of brick, constructed 
fortificatioDs, worshiped the phallus, revered tlvo number seven as 
sacred, and lived under despotic rulers. Tlie second element, which 
entered later, was ^‘Irom the north** and composed of a savage people, 
rude but under democratic institutions, well organised for nailitary 
purposes, and who conquered and amalgamated with the first element 
to form the Cherokees as the white man encountered Lliem* 

In a work entitled “Tlie Cherokees in pre-Columbian Times” (1890) 
the great American archeologist Cyrus Thomas traced the Cherokee 
Indians os a mound-building group to the upper readies of the Ohio 
Biver and thence to the Mississippi Hiver and to its upper sources near 
Lake Superior* His evidence lay in the discoveries regarding the 
i^stnbution of mounds, platform pipes, engraved shell work, tradi¬ 
tions of northern ofiUiation, and other items. 

It has been ^own since 1T98, through the work of Benjamin S. 
Earton (New views on the origin of the tribes and nations of America) 
tliat the Cherokee language showa many siinilaritiea to that of the 
Iroquois Indiai^ of New York. On the basis of this and other north¬ 
ern afiSliationa it has been assumed tliat the common ancestors of the 
Cherokees and the Iroquois found Uieir way from the Mississippi up 
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the Oliio to its origin at the junction of the Allegheny and Mononga- 
hela Rivera nnd that they there divided into two groupSi one going 
nortliward and the other southward. Certainly, we may cite in par¬ 
tial confirmation of this the course of the Tuscarom Indians, another 
southern Irofjuoian tribe^ who left their homes in Nortli Carolina 
within the historic, period and moved up to New York State to join 
their ancient kiasmem 

Tet there is muclt that points to sonthem afSliations of the Cherokee 
tribe. On the basis of their historic culture, John R. Swanton {19S8) 
classifies the Cherokees as a cultural subtype of the Creeks, 
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Studies of Cherokee ait motifs and basketry types show that th^ 
were indubitabiy of southern origin and traced back to the lower 
3ilississippi EiTcr area. The evideiice would seem to ixiLiit to the 
Cherokces as hongetrs-on and pupils of better dereloped cultures of the 
southeastern area. The danger of inferring racial morements from 
cultural evidence is likely to be present here} howeveF, and we must 
hold in reserve our linal judgmeat as to the origin of tlie Cherokee 
and his civilization. 

Today the traveler coming into the Quail a Boundary may approach 
from Asheville on the east or from ICuoxville on the noith. Coming 
from Asheville by car he will be impressed by the memorable mountain 
scenery and by the cai«ful1y engineered road by which, thiough a se¬ 
ries of magniheent curves, he proceeds over the ridge through tfie 
Soco Gap and down into the valley of the Oconaluftee River, where 
the Cherokee Indian Agency is situated. Here he is impressed by the 
many tourist courts. Appru^iching the reservation from Knoxville 
he proceeds first through Sevierville, through the fine ciirvea upward 
to Kew found Gap, where a niagnlficient panorama of both Tennessee 
and North Carolma is to be viewed. Pioceedlng down the road he 
follows a lively and beautiful mountain stream, the Oconaluftee River, 
w'liich dashes over rocks and tlirough glades of delic-ate and sj'Ivan 
character. Further on as he eiitciu the reservation he passes the fine 
Boundary Tree Tourist Court built, and maintained by the tribe. At 
length bo arrives at the great outdoor amphitheater built into the 
mountainside for the annual summer-long jierforniarices of the spec¬ 
tacular drama of Cherokee life, “Unto Ti lese Hills.’' After the amphi’ 
theater then he arrives at the modem and well-kept Agency buildijig® 
and the Tribal Council Hall in the center of the reserivition. 

To rescue and preserve for posterity the unique cultural and other 
contributions of the Cherokees to the world’s resources in wnya of llv- 
ing n typical tribal village of I”50 has been reconstructed in recent 
years near MoEtntninside Amphitheatre, called Oconaluftee Village, 
Inside the village during the summer f’herokeea carry on the ancient 
w'ay of life, practicing basket weaving, aboriginal cooking, Lendwork, 
pottery and weapon makiug. Dug*out canoes are hollowed out of 
poplar logs with primitive ax and lire, and other arts are pursued. 

Near the Tribal Council Hall a IMuseum of the Cherokees hog been 
established since 1948, in which are housed tools, household utensils, 
ornaments, primitive money, and weapoiuj. Household and daily- 
usod artifacts ruade of cane, stone, bone, shell, and wood are on dis¬ 
play, Other Items to be seen include an ancient rifled blowgun with its 
poised dart, a large bow which could hurl its arrow more than 40i’) 
jards, grotesque hand*carved masks of the medicine men, arrowheads 
of quartz and flint, stone axes, celts, chisels, stone hammers, and ritual 
pipes of stoue and clay and catlinile. Here, too, are pictures of the 
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frrent Cherokee chiefs shoTFii wearing their colorful coahimea and 
turbans. 

In the same wny in vTliich tlie turbulence of tiie ancient seas was 
frozen info great rock strata of the Appalachian folds, so the turbu¬ 
lence of the early frontier life and Die Indian way of living have t^n 
frozen into the present-day Clierokee Ilcserration in Worth. Carolina. 
The Tniiluns who can be seen there today memorialize the past in a 
very real and vivid manner, 'llie conflicts of the Indians and wliitcs 
furnish the theme of the drama *‘Unto Tliese Hills,"' given annually at 
the Mountfiinside Amphitheatre, The inter town conflicts are symbol¬ 
ized in the boisterous Cherokee ball game. Every where we see action 
of the past memorialized in ancient weapons and implements, in the 
niipi'okee Museum, and in the many products on display in the curio 
shops. 

Commemoration or memorial ization of past events typifies the cm- 
tnral influences now at work among the Eaifteni Cherokws, It is as if 
the Cliorokees had taken to heart the famous lines of Pope; 

First follow ntilttfe and roiir Judgment frnma 
By her just atnndanl wlileli la at! 11 the eame. 

and in another context: 

All uftlxife Ifl hat art nnktiown to tUee. 

But before we proceed to expound the details of this theme it might 
be well to bring into our consciousness the coutemporary condition and 
general picture of Cherokee life in Worth Carolina today. 

THE CREROKEES TODAY 

Since lf>lT an animal 5-day Clierokee Indian Fair has been held near 
tlie Agency late in September or early in October. Tlie purposes of 
the fair have been to stimulate agricultural enterprise by offering 
prizes for various products, to encourage arts and crafts {especially 
weaving of linen and woolen goods, weaving and braiding of ru^), 
art metalwork, silnjrwork, bead work, cabinet making, wood carving, 
jewelrymftking, basketry, and pottery. Various recreational activities 
include Cherolfee stick ball games, nrt-hery contests, dances (both In¬ 
dian and square dances), singing contest®, and baby shows. 

In 11147 the Quallii Arts and Crafts Mutual Incorporated was or¬ 
ganized to market the products of ITS Cherokee Indian craftsanem 
In 1030 the Cherokee Indian Fanners Cooperative was organized and 
the Boundary Tree Tourist Enterprise was opened for busines. In 
1955 it was estimated that there were 90 business enterprises owned 
and operated by Cherokees on the reservatiom 

Much of the growth of the Cherokee economy has come about since 
the development of good roads, beginning in 1931, brought swarms 
of tourists into the area. Tliis has permitted tlie development of, and 
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at!ccs3 of vJaitoi^ to, the MouDtainside Amphitheatre, tho Oconaluftee 
Village, the Cherokee Museum, and the innumerable eurio shops of 
the rescrvutioiL 

Institutional development has kept pace with the economic improve¬ 
ment. The Indian Bureau provides a free school system which in- 
Cluikg five elementary schools and a central high school. Tlie U. S. 
Public Health Service, of the Department of Health, Education, and 
Welfare, operates a modem 25-bed hospital at the Agency where in¬ 
digent Indians receive free of charge diagnosis, treatment, hospitalisa¬ 
tion, and dental care. 

There ate 25 or morie churches on the reservation, nearly all of which 
are served by Indian pastors, Boptista fur outnumber other congre¬ 
gations, but tliere are also Methodist, Episcopalian, and Latter Day 
Saints miflsions among these people. Hymn singing Is a favorite 
pastime, and all-day “sings” are frequent. Truckloads of aiiigera from 
various oonmmnities meet at appointed churches to sing, and bring 
their basket lunches with them. 

THE PHYSICAL TYPE 

Along the road tlxe visitor sees the Cherokeaa, here a mother or two 
walking with the children, there an old man humped with age and 
plodding hia way slowly to some nearby goal. These rather email 
brown-skinned pcopls contrast with the neighboring mountain whites, 
who are on the nvemga taller and am fair-skinned. The older Indian 
men tend to bo lean and wiry in build, the women more heavy-set and 
stocky. Prominent cheekbones often appear in the women und prog¬ 
nathism or projecting jaws may be present. The straight and jet-black 
hair is typical of the fullbloods and the Mongolian eys appears occa¬ 
sionally in the females, A hawklike or beaked appearance of the face 
is frequently noticeable and it reminds one of the ilaya and Mexican 
sculptured faces. 

Today about 25 percent of the enrolled Cherokees are fullbloods, and 
it is from these people that early ^udents of blood type first recog¬ 
nized the distinctive predominance of type I blood in tlie America 
aborigines, lliere can be no doubt that m the present-day Cherokees 
we are dealing with an aboriginal racial Island separated by distinct 
racial ancestry from tlie surrounding mountain people of the Appa¬ 
lachians. Here and there in an area from Georgia, through eastern 
Tennessee and the Carolines, western Virginia, Kentucky, \Fcst Vii- 
^nin, Maryland, and even Pennsylvania and New Jersey, the occa- 
sional appearance of Indian physical traits and ways in the local popu¬ 
lation is attributed, rightly or wrongly, to an infusion of Cherokee 
blood. 

The long-continued habit of inbreeding or marrying within their 
own rar» has set the Cherokees apart from others. The ensemble of 
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genetic traits, incluilitig both matters of tetiiperaTTient and wajs of 
acting, as well as physical traits, conjoined with the maintenance of 
the aboriginal sijecch and home-tauglit traditioa:$j has made of the 
Cherokcts a true nationality, sojourning in the same State with those 
of European and African descent but clearly differentiated from them. 

WHITE MAN VEfiSUS CHEROKEE 

A people 6nn]y rooted m the soil and in their own traditions wiU 
never bo extirpated but will persist and grow in spite of an adversity 
which may seem t o nndermi tie thei r csontinued existen ce. The strength 
of a race lies in the tenacity of its attachment to the physical environ¬ 
ment, along with tlie degree of its adherence to traditional ways of life* 

It is quite a problem at this late date to analyze the degree of blood 
admixture of Cherokees and whites* However, some indicatioDi exist 
which point to the continued existence of u considerable body of near 
fullbloodfi as the core of the band, Early degcriptions indicate that 
the Cherokees were of fine tiauscuhir physigue and tall in stature. 
The hair was described as always black, lank, and straight, and the 
beard variously noted as thick or sparse. 

Blood admixture with whites, particularly Scotch and Scotch-IH^, 
Genoans, and English, has been widespread and prolonged over the 
entire historic period. Mixing with other Indian tribes h£ts occurred, 
particularly with the Catawba. L. H. Snyder (11)26) reported on an 
examinutton of 250 mdividunls wherein the fullblooda showed a per¬ 
centage of &S.6 of blood type I while mixedblooda were 59.S percent 
of blood type I. 

An examination of the clan affiliations of the heads of 321 families 
wa^ made by the present writer in 1932 and dan aflHiationa were noted 
for 475 persons^ Of the families listed, about 8 percent (28 families) 
showed no clan affiUation of either fatlier or mother. Thi^ may be 
taken to be penions of little or no Indian blood. In the case of 71 
families, i. e., 22 percent, only one of the two heads of the families 
showed dan affibaticjii. These may be taken as definitely mixedbloods* 
The remaining 216 families, or about 60 percent of the whole, gave 
evidence ot clan affiliations in both parents. 

The mixedbloods and white Indians” occupied the bottom lands 
along streams which furnish the best agricultural posidhilitiee, whereas 
the fullbloodfi and near fuUbloods tended to live on the slopes and 
upper reaches of the streams. Of all the several cammunities at 
Quail a, the Indians at Big Cove seem to have retained their traditional 
culture the most effectively* However, predictions as to the future 
complete dissolution of the Cherokee tradition may have been prema¬ 
ture. Much of tlie traditional culture probably continued through 
oral transmisaion from parent to child in fiillblood families. 
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Tlio activities of aiithropologista hava undoubtedly eontribnted 
to the conservation of tlie old ciiltural traditions, and the demonstra¬ 
tion that tho remiincrutivG tourisi industry can be developed through 
reconstruction of traditional community life and activities has helped 
also. What must bo noted in tliia connection is the linkage between 
con^rvation of the culture and the conservation of the race. The one 
is iiif^epanible from the other. An enlightened recognition of this 
fact, by the white man is of the greatest importarice to our generation. 
Kcspect for the integrity, not only of the race but also of the culture, 
is fundamental^ and a characteristic of our times. 

The [>osition of the mi^edblcxids ia a difficult one. Drawn by their 
diverse racial inheritance partly toward the wliite and partly toward 
the IndiHRi they have a hard row to hoe. Tn some respecla they form 
all ent 11*617 distinet group which perhaps could develop a cultural 
tradition, partly Clicrokce and partly white^ with a happy blend of 
the best features of both. The history of mixedblood groups has 
not lasen a Tiappy one, howeverj and time amd patience are required 
to work out all the many problems tliat beset thern^ 

THE COEE QF TRADITTON 

Clierokee life revolves about the traditional institutions that have 
Burvived over the centuries as meons of maintaining and perpetuating 
the social and biological continuity of the tribe* Of tJiese the inoflt 
important is the ^"stem of clans. The clan is not what we think of 
iis in the case of ScottIsli clans^ but rather an oulmarTying group 
that insures the marriage within the tribe but only witliin certain 
modes of relationship. In early times luarriuge within tlie clan woa 
punishable by death anti it is still observable that such breaches are 
tlia exception. Clfin mertibcrship was transmitteil thnough tlie mother- 
The elan names translated into English are as follows: TVolf, Deer, 
Biid, Eed Paint. Blue^ Wild Potato, and Twister. The following 
associations of ideas presented by the Cherokee may explain in part 
the derivation of these clan nmuee. 

The iVolf Cliin was composed of great huntsmen—hunters who in 
their Qssidiiity and attention to their profession wojio keen aB wolves. 
It was iils¥o said tlmt the members of this clan were fond of cupturirig 
young wolvea and raising them in captivity and traintrig tJmn juHt 
as dogs are trained. It was and still is regarded os bad luck for any 
Cherokee to kill a wolf, although in former tkneg a profession of 
wolf killers existed To the east of Quo Ha on the reservation is a 
eoetion called Wolf town. 

Members of the Deer don were like the Deer for swiftnossL It 
was thought that they also kept deer in captivity, Tliey were reputed 
to be specialists in the hunting and killing of dt^r. Just cast of the 
Agency is an area called Deer-place after this clan. 
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The Bird Clan people ware always fond of birds and kept captive 
crows and clilcken hawks. Tiiey were also noted for their successful 
use of snares and blow^uns in bird hunting. Birdtowjij near QuaUa, 

named after this dan. 

Possession of tnagie was the principal characteristic of the Bed 
Paint Clan who employed iron oxide or heimititG for the purpose 
of securing snccess in lo%'e and protection in war. In fact these people 
WBVQ the great conjurers of tlie old days ajid Painttownj to the east 
of tlie Qualla Agency, was named after thenr 

The Blue Clan was named after a wild plant of bluish color whicli 
was gathoi-cd by tlieni in Uio low swampy grounds along streams and 
used for food and medicine. The plemt is described as being narrow- 
leafed, like grass, and with bendes resembling a young cucnniber^ 
but it is ex|ilained that only tho roots wei'e nsed by the Indians. At 
each new moon, in the old days, children were bathed in a decoction 
of this plant to protect them fixua all diseases. 

The Wild Potato Clan was also named after u plant of the waiups 
along the streams which was gathered and eaten by this clan. No 
tradition of any oeranony connected with this plant survives. 

The Twister Clan was so named because of Llie haughty manner in 
which they formerly conducted themsdveSj twisting their shoulders as 
they walked^ They were accounted a ratlier vain people who grew 
their hair long and adorned it with elaborate coiffnres and decorations. 

In order of numbers the most numerous Ls probably the Wolf Clan, 
followed at a distance by the Bird. Tlieso two clans, in fact, nccounu?d 
for over &0 percent of all Indiana hi the reservation in 1032. Some¬ 
what leas nuincix>us were members of tlie Twister and Deer Clans, witli 
the Bed Paint, Wild Potato, and Blue trailing at the bottom of the 
list. 

The clan is an institution of fundamental importance in Cheroki^^ 
tradition and way of life. It is symbolized in blood and is associated 
with descent from and through the motheT. According to the rajtha 
the ckn was derived, along with smig^,^ diinces, and magical formu¬ 
las, from tlie great giant **01J Stonecoatv' who waa slain by the In¬ 
dians at tlie beginning of time by being bnmt at the slake. As he died 
lie sang, as was the Cherokee custom, his ^^death song.” In this sang, 
uttered as the spirit of Old Stoncooat nscendeil into Heaven, was the 
entire Cherokee tradition. Included in it were the rules and n*gula' 
tions which governed the dim memliership mid the rituals associated 
tlie re with. 

One such ritual was called “going to the water.^ lliEs involved a 
group of brothers and sisters of the Eamc cImi ccttaiionially hathing 
in a stream and the conjuror prayed for the clati by name, prognosti¬ 
cating the future fortunes of the individual members presents 
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One's clan aMiadon is of tbe utmost importauca in determining kin¬ 
ship behaTior and relationships to eTeryotie else in the tribe. Since the 
most importfint relntioriEltipa are those suMained by birth or consan¬ 
guinity and by marriage or affinity, tbe clan ia fundamentally inTolved 
with both. 

To cite a typical example, let ua take the individual W, L., whose 
clan, inherited from his mother, is Wolf. Ail members of Uiis clan 
are brothers and sisters to him, in commou with his own real brotliers 
and aistcrs, and he visits ami associates with members of this clan on 
tlie most familiar terms—fjoiuliar in all ways except that he may not, 
according to the rules of the clan, ever marry a ^‘sister,” that ja, a 
woman of tJie Wolf Clan^ It ia his mother who makes known to him 
the rights and duties incumbent on him through his membership in 
the Wolf Ckn, His mother will never permit familiarities with lier- 
self and her generation. Nor may W. behave otherwise than with 
great circumspection toward his sister and her children, who are also 
of hia clan. 

As a child W. L, is gently teased by his father who is of the Wild 
Potato Clan. ‘‘You must many my aunt,” he tells hig son. W- L. 
thinks of the elderly and rather unattractive ivoman whom his fatlier 
calk “aunt^^ and who is really W- L.^s father’s fathers sister and whom 
he himself calls ‘^grandmother.’^ He learns from his father^s teasing 
tliut it is customary for him to joke with hia paternal grandfather^ 
sister about this marriage business ami since ahe is of tie Deer Clan 
ho finds that all her ^icothera” and “aisterg,” includiog those of his 
own age, are algo joking about the same theme. Thus as time goes 
on his mind becomes accustomed to tlie idea that he will find his wife 
in the Deer Clan, which was the clan of bis fa there's father. Toward 
his fathers dan, i. e., the brothers and sisters of hia father, the Wild 
Potato Clan, he maintains respectful and circimispect behavior In 
fact anyone whose father is in the Wild Potato Clan is a brother or a 
sister to him. W. Lr.^s motlior, like himself, is of the Wolf Clan, but 
her fatlier ig of the Red Paint Clan. Hence she too can tell him that 
he must marry her aunt or a woman of the Red Paint Clan when he 
comes of age. 

It can be that there are four clans with whom an individual 
Cherokee is closely concerned: (1) Hia ovim clan containing bis 
“brothers” and “sisteirs,” both actual and classificatory; (2) his fa¬ 
thers clan containing “fathers” and fathers^ “sisters,” toward which 
be must always khow respect and deference, (S) his father^a father^s 
clan which contains “grandmothers” and “grandfatliera” with whom 
he can marry; and (4) his mother^a fathePs clan, containing “grand¬ 
mothers” and “grandfathers"' with whom he can miirry. 

Let us carry the type case a stage further. W. L. marries a wife of 
tha Deer Clan. Her father, let us ^y, is of the Blue Clan which aim 
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must always respect. Her father’s fatlier, howeTer^ was of the Wolf 
Clan and she marries a man of that Clan (W- L.). Her mother’s 
father Is of the Bird Clan, which also contains potential mates for her. 
W. 1 i.’b children will have two clans to choose mates from, the IVild 
Potato Clan and the Blue Clan, i. e., provided the selected mates have 
grandfathers and grandmothers in the Deer Clan. 

Thus it can he seen that lineage through the mother ts of the essence 
in Cherokee life. One acquires a elan membersliip by birth, through 
the mother, and by no other way. Even after marriage the individual 
is still a member of the same clan and remains so until death. The 
solidarity of the clan lineage is the most important single element of 
traditional Cherokee culture and the most effccliva influence toward 
conservation of tlie race and tlie culture. 

THE TIDES OF LIFE 

Anyone who has ever spent time at tie seashore is familiar with 
the phenomenon of the tides, those regular daily risings and fallings of 
the water level. Tlie regularity of tlie tides, like the regularity of day 
and night, and the alteration of the seasons, improsses itself on the 
mind of man to the degree Uiat he memorializes it in his ceremonies 
and rituals in a variety of ways. Tlius the rituals of a primitive people 
commemorate, not only the events of past importance to their an* 
castors, but also the cyclic or rhythmic aspects of life generally. 

Observations on Cherokee festivals by tlie missionary, D. S. Butrick, 
and others early in the nineteenth century were recorded and sum¬ 
marized in a manuscript by John Howard Payne, the famed autlior 
of the song “Home Sweet Home.” This mannscript, now in the New* 
berty Library at Chicago, contains a very extensive and detailed ac¬ 
count of the tegular monthly and seasonal feasts of the Cherokee, 
From thia account it can be seen that the great principle at work in 
primitive art foraiii, and perhaps in all art forms, is the commemora* 
don of Uie past in terms of strewing the continuity between the lives 
of the many generadons. In fasting os a ritual, we cannot fail to 
observe the periods of starvation and want in winterdme when game 
was scarce and die future problematic. The dances, lustrations, prog* 
nosdeations, ceremonial hunts, ncw-fira making, and die like, were 
artistic delineations of the great natural rhythms that tie together 
tlie life of the past, the present, and the future. The celebration of 
these festivals was basic in Cherokee life, even as it was in all Indian 
life, and constituted the logical and motivational basis of the social 
order. 

In his book entitled “Jloon Up and Moon Down,” John Alden 
Knight (194fl) has outlined the feeding activities of fisli as related to 
(ha height of the tides: A regular “eolunar” rhythm exists, he says, 
and the higher tides at new moon and full moon are directly cor* 
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related with good fishing because the fish are biting and feeding at 
those times, Tima aetiTities of the fisherman would in turn he in- 
Silenced by the recurrence of good fishing in accordance with the 
phases of the moon. Some marine animals appear in great abundance 
once or twice a year in accordance with special phases of the moon. 
One such animal is the palolo worul which appeals in great numbers 
in the waters off Samoa during the last quarter of the November 
moon. Here breeding and feeding go liand in hand in the rhytluns of 
nature as large numbers of fish find suddoii accessions to the food 

™ppiy- 

So it was po^ible, in the human world, to correlate activities of 
gnimalu witli periods of hunting and fishing which would be sym¬ 
bolized in feasts. The regular sequence of new-moon feasts among 
the Cherokces was, ao far as we are able to judge, <»nnecfed with the 
rhythms of human bleeding and feeding. The monthly friendship 
dances of today still commemorate the cleansing of menstrual taboos, 
which are imposed by clan sanctions and relate to the monthly feasts 
of an earlier period. The shedding of blood, from whnbioever cause, 
iuToke*? sanctiojia of uncleanliness which must be given recognition. 
The avenger of blood could not slay the fugitive who reached a city 
of lefugc, or a “white town” because it would produce an undeamiess. 
Tlie special clan that killed a particular animal in the hunt had to be 
absolved from blood revenge by the animal's clan relatives by special 
rituals. 

Among the early Clierokecs the year was di vided into two sequences. 
ITie first, for winter, began with tlie Great New Moon feast of October 
and the second with the New Moon feast of April, and included the 
summer montlia. The two imporfant New Moon festivals were eacli 
seventh in a continuous series Tcckoning from the other and each began 
a new season and a new year, 

Eacli of the two main feetivals of April and October were celebrated 
witli hunts, dances, lustrations, divinations, and a feast. Each was 
succeeded a short time afterwanl by a festival in which new fire was 
made to renew the life of the tribe for Uio new season. The principal 
purpose of all new-moon fKists seemed to have been to purify from 
uncleanness and to protect against harmful forces. They celebrated 
renewal of life and life's friendships after eegregation for impuritiafi 
and uncleannesses. 

Tliere were sis major new-moon feasts pointed out as ol special 
significance, and which were as follows; 

t. The First Xew df Spriag, eelehrat^ whfih the graiia began to grow In 

April and poealbir represented bj tbe Com Dfince of todor. 

2. The New Moon of August when the com first became dt to eat, the roasting' 
eam time of today. 
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The Green Com Feast of Beptember when the com crop wns hairested : still 
celifbmted. 

4 TbE Great flrooa of Octotnsri wlildi waa called th^ Great ll&llcine Feast 
9ibce at Uiat time ttie leaves of aiany enrativo planto feU Into Uie Ftreaioa 
flDii imparted Gieir prcipertieij to water* 

5^ The CemebLatloD of KeconcilluticKD Festive] at tite end of October wbich 
involved cic nnlng - of all houses, the use of new uteoHils, forgietGeg of 
dlffet^isea between people and cases of blood reveuK?* donning of new 
clothes aaii excimnge ef clothes, tdedgSn^ of eternal friendship and solS- 
daiit^p and luaJdiig of new Are ^probably repreBented today by the 
'^iVontnh Gathering Wood" Donee). 

6l The Exalted or Botihdlng Bush Feastt held in December, diAracterlKed by 
the waving of pine boiig;tis! thought 10 survive la the Pigeon Dimce of 
later times* 

THE IIAXCE OF LIFE 

Dancing is of primary importance in the traditional Cherokee cul¬ 
ture. It is difEcult to gather up all its Tsiried meanings into one sen- 
tence^ but it is possible to say that in the dance rhythms all the essen¬ 
tial life activities arc meniorialked and the continuity of the race is 
maintained. The soK^alled FricncMiip Dance, for example^ gives oiie 
the impression that for the Cherokee all the world ia a ballroom and 
all tlie men and women tnerelj dancers, euch with hia exits and his 
entrances. This is In a way a community opera in wliich the drama 
and the music induce a state of cnictional exallation which conimemo- 
rules Uie ancestors and assures them of the loyalty of the present ge)i- 
emtion to tlie principles of the race. In the cheerfulaess of the occa¬ 
sion those who mourn find comfort. In the participation in com¬ 
munity of demonstration the young as well as the old find a primary 
life satisfaction. In tho dunce the familiarity with joking clan rela¬ 
tives is carried on fi'eely so that on such occasions tlie young people 
may find their iiiaies in the proper duns. 

Tliree musical instruments are employed: I he skin drum, tlie tor¬ 
toise-shell legging ralile, and the gourd hand rattle. The drum con¬ 
sists of a barrel fa^cued with wooden hoops and with a grauudhog 
skin stretelied across the lop. The skin must moistened at times 
from the inside for proper tonal effcela. Usually a little wanning 
at the fii'e will lessen the tautness of the skin. ITie diameter at tlie 
top of the drum is 6 inches and at the bottom 8 inches, and the length 
is about 13 inches. The better is of carved wood and about 8 iiiches 
long. 

In making a tortoiBo-shell legging rattle five terrapins of approxi¬ 
mately the same size are caught and boiled nnd the flesh scraped out 
four days later. Small gravel or pebbles ate put in each shell and 
the ends of the hinged paiis are tied up with strings and set before 
the fire until they harden shut. The tops are perforated with small 
holes and strings put through them. Four terrapin sliells are then 
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placed togEther on a piece of groundhog skiti or buckskin abont one 
yard square in nnd tlie fifth tortoise shell placed on top of the oUier 
four mid tied ^vith tliem to tlie akin^ Thongs of akin are nsed for tying 
one of these combination rattles to each leg. 

Tbo hand ratJes are made fi'om gourds. A email hole is bored at 
each end of the gonrd and e slender piece of wood a foot long b run 
through the oval or ^g-shaped gourde The typical gourd shell i& 
about 4 inches long and about 3 inches in diameter and contains smdl 
pebbles to make the rattling sound. 

Dance teams are organized in the different communities—at Big 
Cove, Birdtown, and elseM'liere, especially for Friendship Dances. 
Each team has a **cadler’^ who calls forth the names of those who are 
to load each song step, and directs the sequence with the proper sig¬ 
nals. The caller endeavors to pick out tlie best and most effective ^ing- 
era to lead the songs. The number of songs in each dance averages 
abont four, and the song consists lu the repetitxion of a single melodic 
theme to the accompaniment of archaic words. Aji altcmation of slow 
and fast tempos can be noted, with the faster tempos predominating 
at the close. Dances may be held aa often as once a week, generally 
in the evening^. 

The action and speech simulates and refers to basic life activities 
such as playing the game of Cherokee ball, planting and tilling the 
soil, curing and preventing disease, huntiiig various wild aninmls, and 
joking with familiar dan relatives. Clapping the hands together is 
a csommon feature of the Friendship Dances and expresses the hap¬ 
piness and the good time being enjoyed by all the participants. Solo 
dances are sometunes given in which the dancer sings and tells a story 
as he dances, occasionally poking fun at his familiar clan relatives. 

The names of Uie principal dances of the Cherokees and the signifi- 
can(a9 of eadi is given below. 


Dance 

Ant I>riace___ 

Ball Dnnce.,^_ 

Beiir I>aijce______ 

BcATer rt flnp^ __ 

Boffnlo Daoce.___ 

Bngmli Dancn____ 

Ctdcken Dance_ 

CkMil Dftnce__ 

Corn Dance_.____ 

Eaele Dance _ __ 

J^rlcndfiblji PatTyro _ 

Gre«n Ctrrn Donee, 

Croundlioa Bonce-____ 

Horflo Dance____ 

Knee^eep Danc e _ 

Medidno Bnnce-^_- 


Stl7n<jtcvn0ff 
ImSt&toB the mevementi^ of onte 

for nbtatntQg victoiy In boU game 
iPiitntJve o£ Uie bear 
Imltotlve of faUlLng tten^er 
Ini Eta d VO of kllllQ^ bufTalq 
Boffoonery 
Mimetic of IiItUa 
Buying a wife 
Com plontin^ 

V^C!to^y tn war 
Promntea aoclaJ Intereonni^ 

Ceielimtes the barreat of com 
Hondng me fronndliof 
M Emetic af the hum 
Mimetic of koee^eep oprina 
rbyalc dance for nealUi 
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Iffime of Dance Siffnificancs 

Partrld^ Dance.Mimetic of qeall inat'e4neiits 

PbcdHint DiuiML__ _ _ Mimetic of plicasant droinniJliK 

Flgeon Dance.^._HnotSogof plgeuiu by luvrlni 

HaccooD I>aDce_ _ _Hunting rncCwn 

Rcnutl Dmiee-. _ __DnnMjaroand the 

anaheUke D nnw __ — , Magte power from tbe enake 

War Dance--.._ __ Moeftfil protection In war 

Woman (Jutlierlnff Wood 

Dotiice___-_Tfew*fin! miiMiiE 

rHrWDKFF INSPIRATION: TJIE ORAL TRADITION 

A» Mm or 0 Jeelinff prondltf eapreatea Uvei forever and givct tnusortaJitv to 
lAe irorda that etuhrine il.—Vtocoiuit Bryce. 

Speech can be looked apon as a system of gigmals or eytubols, not 
only of ideas but also of Bcntiments, feelings, and emotions. The 
first words end the nursery songs that are learned orally at the parent’s 
Imea form the basis of all subsequent language learning and stay with 
the indiTidual to the very end of his life. Nothing can be more im¬ 
portant to tlie preservation of a race and its culture than the continued 
oral tmnsmiBsion of ideas, principles, and eentiments within the do¬ 
mestic household, from generation to generation. 

This is particularly tniuof the religious and moral sontiraents, those 
ultimate realities with which language, in itsm(Mt exalted use, is par¬ 
ticularly oonoemed. Hence many religious systems have evolved 
ritual or liturgical languages which commemonite the religious senti¬ 
ments in fixed linguistic forms and which stand in contrast thereby to 
everyday language with its multitude of vulgar innovatious and 
neologisms, in India the Tedic language represents an even more in¬ 
tensive conservatism of speech wherein a liturgical language, San¬ 
skrit, has preserved in Vedic texts the remnants of a still earlier liturgi¬ 
cal form. In his work on the Swimmer manuscript, Oibrechts (1033, 
pp. 160-163} has discussed the liturgical language of the Cherokee 
sacred prayers or formulas. In a fnatrilineal clan society, such as that 
of the Cherokees, the transmission of both oral and written liturgical 
material is from mother or mother’s brother to the daughter and son. 

So it is that, in the same way that we of the Western civilisation at¬ 
tempt to learn the elements of Latin and Greek in our youth for the 
better preservation of those ideas^ sentiments, and values most intrinsic 
to our culture, the Cherokee student leams the ritual language of the 
pDiyers or formulas that in part have been preserved in written form 
through the good oflices of Sequoia’s syllabary and given literary rec¬ 
ognition by jioonoy and Olbrechts, in their printed texts with English 
translations. Thus the mentality of the Clicrokeo and the values of 
Cherokee traditional culture are made manifest and enter into the 
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modern inheritance of a pattern of world cultural and racial pluralist]. 
The inspirational works or f ormulaB are accompanied by a collection 
of narmtional coratnentaries, or the so-called “Tnyths” of the Cherokee, 
assembled by James Mooney (1831,1000.) 


THE PRAYERS OR FORMULAS 

The Cherokee ancestors boliered that the earth was flat and that the 
sun sets thi'ough a hole in the j^ound in the west every ni^ht and rises 
through a hole in tlie ground in the east every morning. Four ropes 
are attached to the four comers of the earth to hold it up, stretching 
horizontally outward. At the edge of the earth there is “something 
hammcrlite” which keeps pounding on the ground constantly. When 
people die tlieir souls must go through this gauntlet and the good suc¬ 
ceed hut the evil are crushed hy tiie hammer, TTeaven is beyond the 
edge of the earth and is like this world, only more beautiful, with all 
sorts of fniits and deer meat in plenty. It is also very light there. 
The moon has a path like the sun and goes down through one hole in 
the earth and rises through another. A different version has the sun 
and iJinon passing around tlie edge of (ho four-cornered earth, when 
invisihle in the slry. There ere seven worlds above the flat one on 
which men dwell, and correspondingly there are seven suns and seven 
moons which go through each world Hire ours, There are also tliought 
to bo seven sets of stars. When onela soul roaches the seventh heaven 
or world it dies of old age. 

The various natural forces and elements of the world are porsemi- 
fied. Fire is regarded as a mother, grandmother, or the old mother 
(i. e.j ancestress). Cure of many diseases is secured by use of the 
heat of fine and by charcoal and &shcs. The moon is the most im¬ 
portant heavenly body and is personalized as a miui, an eider brother 
or grandparent. The Cherokee are said to have had a high regard for 
James Mooney because of his last name. The sun is personalized ns a 
female and generally reckoned as a maternal grandmothei', the source 
of the blood of the clan. Tlie Clierokee mother sings lullabies before 
daybreak to her child in which slie invokes the dawn and tlie rising 
sun, in terms of mythical words and ideas. Wind, clouds^ liglitning, 
snow, and thunder are also personalized. Control of the weather is a 
foremost object of Cherokee prayers. All the above-mentioned ele¬ 
ment of nature are thought of as causes of disease in man and as re¬ 
quiring plecEition in n^moving the disease. 

Although tlie major part of the Cherokee tradition has always been 
a matter of ora] transmission, the ini'ention of a svUabary by Sequoia 
about 1824 furnished a medium of writing for preservation of the 
raontio and magical formulas of the conjurers. Tlie esistence of these 
documents was first called to the world's attention by James Mooney 
m the late nuioteeintli century {1831). 
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The magicEil formiilcis consist of prnyets or conjurations for curing 
disease, for sectiring game and fishj for prognostication, for protection 
agaii^t supernatural irrfluenceSj for long life, for ireatlier control, and 
for attracting the affections of a womatu Most of the formulas are 
composed of two [^arts, one part dealing with actual technique and a 
second part dealing witli the incantation to secure the desired result. 
It is doubtful whether tlio native practitioner of the magical arts ever 
made any distinctLOn between the two different elements or between 
tlie formulas devoted to one purpose and tliosa devoted to anothen 
For to him the fimdEituental pattern of events and the means of con- 
truUing tile events is the same, nomclji the merging on a temporary 
basis of the suppliant-s personality with some stronger per^naljty in 
the universe which has the magical powers to accomplish tho erid de¬ 
sired, The undesirable things eu's magically separated from tlie desir¬ 
able and the latter are then qssimiLited to the self. 

Tlie philosophy of the formulas may best be understood by taking 
an example fiom Mooney's published Cherokee love charms (1891, 
pp, , The following tJie test of the formula. 

VoiiC€ming {Loi^s) 

Ku t LisEen 1 lo AlaEU' ^ yoa repoae, O Terrible WomnD^ O you laave drawn 
near to hearken^ There In Elaliiyi yuu are at reatp O White Waraan. Xa one la 
ever lonely when with yon_ You are muat i?eu.utlfnL Instantly and at pure yon 
have rendered me a wtilte maia Na one Is ever lonely wlitja with me. Now yuu 
have made tbc pflEb white for me. It shaU never ho dreary. X"uw yoa have put 
me Into It It shall never tNOcomo hlne. Yun have brought down to me from 
above tlie white road. There in tuitl-enrth (mid^nrfare) you tuiTe plaf?ed me. 1 
ftlmll stand oreeE niHm the earth. No one Is ever loaely wheti with me^ I am 
very hamleouio. Ton have put me Into tlie white house. I flhnil be La as It 
moves abont and tiu one with me uJiall ever be Lonely. Verily 1 shall never be¬ 
come bS,uo, Instantly yon have caused it to be so ivith me. 

And now there In Elnhiyi you have rendered the wotuan blue. Now you tuive 
made the path Line for hor. Let her be complcteJy veto I \n Jui 4 ulIiaei$B. Put her 
ii|Mm the bine road. And now brinK her down, rince her Htatidlag niioa the 
eartlL Wliere her feet are now and wherever she may go, let loneliness leave Its 
mark upon her. t^t her ho marked out for loneliocHa where fihe stands. 

Hat i iNeloug to the (Wolf) Claiip tluit ana alone which was allotted into for 
you. No oae is ever lonely with me. I am handfifiioe- l^t her ptit her aaul 
(into) the very center of ruy sonh nei^er to tnni away. Grant tbnt In the midst 
of men she slikEl never think of them. I l?elong to the one cliin ft tone ivblt^ whs 
ollotLec^l for you when the ^ven clnniH were Cstabustl'd. 

Wliere <otherl men live It bs Iene]j. They are very loalheJ^me. The reoi- 
moa polecat hihs made them ^ Uke himself that: they are dt only to he with 
btni. They are very loatliesome. t3vea the crow has made them so nice hinmelf 
that they are fit only for LIb compniiy. They are very lotitbeiiOme- The miser¬ 
able raln-erow has made them so Uke blmself that they are At only to he with 
him. 

The eeven claim oU idike make one feet vety lonely In their cqmiiany. They 
ftro not even laotl looting- They go abont ctutbed wUh niei^e rfifnse. They even 
go ahoot covered with slung. But I—1 ivoa ordained to be a white man. 1 stand 
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Wltb fljy fiiC6 toiTArd tlifi Sun Ijjiud. No ooe 1 b tytr loiicJj witb I n™ very 
handaoine; i ^aii certainEy neTor beroine bloc. I am covercil by the BTerlastiag 
vbtte tiouBe vherever I No one is ever lonely trilb me. Your soul bos come 

into the very center ot my bodI, nerer to turn away. I___ tno,. 

eooL Seel 

In tli6 first is Establiglijed b sotidnrltT between oer- 

tain heneTolent spirits and tbo reciter of the fornnila^ while a pro- 
limjiiary statemCDt of the reciter^s own attractiveness and charm is 
made. The second paragraph sets up barriers of avoidanre between 
the woman the reciter desires to conquer and the rest of humanity, 
with blueness and loneliness assigned as her lot until she recognizes 
her true interest, which is with the reciter of the chnnn. In the third 
paragraph the reciter begins to set up a bond of familiarity between 
himself and the woman desired in tiie course of which he names him- 
relf and his clan and reminds her that she has been allotted to his clan 
in marriage from the beginning of the world, so that he alone of that 
clan is suitable for her as a mate. In the fourth paragraph he creates 
a bi^ier of avoidance between himself and the rest of manldnd, com¬ 
paring them to noxious and repulsive animals. The fifth paragraph 
ends the prayer with a reiterntion. of the assertions of the first para¬ 
graph, the charms and attractiveness of the reciter, and concludes with 
a statement of solidarity by identification with tSie woman of his 
choice. 

The U86 of such a love charm is most frequently at midnight and the 
man angs his formula in a low voice while facing in the direction of 
tile girl's house. This will make her dream about him and become 
lonesome for him unless she has fortified herself, on going to bed, with 
counter spells. The next time she meets him she will be irresistibly 
drawn toward him and become attached by strong and permanent 
bonds. 

After he has gained her favors, however, Lis labors are not over, 
He must retain her only by constant spells, c.(fpecially if she be at all 
attractive on her own account and liable to the magical spells of male 
nvala. In order to retain a mate a man mart affirm the strength of 
the bonds existing between himself and his wife by a magpcol formula 
and anointing her breast, while sleeping, with his spittle. Sometimes, 
despite his beat efforts his mate will be attracted away from him by 
the superior magic of a rival. To overcome this reverse and recall 
the woman the nmn uses a prayer reaffirming his attractiveness and 
allying himself with the all-powerful grandmother fire. 

The rival who is intent on detaching a man from his mate makes 
use of negative love formulas. These are of two types i (1) Designed 
to separate a man and wife preparatory to uniting the wife with ]iim- 
self through his own attractivenes? and (3) to render a man unattrac¬ 
tive 80 that no woman wiU want him. In the ease of separating a man 
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and wifa the tvording of the formula likcna each unto a noxiotis anunal 
BO that repulsion is sot up bet\rean the cx)n]"ugal pair. The wife iriU 
then leave her husband or vice veisa^ unless oounteispellfl are 
resorted to. 

At times the love spell fails to move the object of attention and the 
reciter’s love interest is then turned to hatred and a desire for revenge. 
Ho may practice a spell of nuattractivoness on her and make her re- 
pnlaiva to all men. Or he may coatinue to ply her with love spells 
until she makes a clown of herself through her overdemonstration of 
passion toward him. Thus he ettains revenge on her. 

FORMULAS AND DISEASE 

Disease and its causes have always been a moot problem for man¬ 
kind. About the simplest explanation would be that of Pandora’s Box 
in which the disobedience of a command brought sorrows and disease 
on man through feminine curiosity. The Chcrokees, like other races, 
found it necessary to deal with disease both from the psyehosematte 
approach ns well as from the practical or herbal approach. As in the 
case of the ancient Aryan Atbarva- Veda the Cherokee formulas enable 
the apothecary to confront the many Ills to which the flesh is heir. 

The suffering caused by disease is associated in the Cherokee mind 
with tho suffering caused by the anger of some other personality, 
whether mental or physical anguish. Disease is tho requibil for the 
anguish caused somo otlier personality for actions, conscious or uncon¬ 
scious, on the part of nn individual. In a sense then, disease is a form 
of conflict in which the eymptomg are the equivalent of the blows ex¬ 
changed by the boxers in a pugUmtic contest. The animal spirits, 
as Olbrechts says (1932, p. 19), such as the Little Deer, the White Bear, 
and others, are the tireless and valiant defenders of their particular 
animal clan and mete out justice or take vengeance by sending disease 
to neglectful and disrespectful huDters. In other words, all disease 
is from due cause and this cause must be searched out and compen¬ 
sated for before the disease can be cured. 

Diseases of one doss are sent by medicine men to other people end 
are made to display symptoms calculated to inspire the wrong remedy. 
These are spoken of as “ordeal” diseases and are sent by conjurers to 
each other “as a joke” or to test their knowledge and aptitude in ward¬ 
ing off attacks, 

Tho curative methods pursued by the medicine man, as well as the 
matter of materia medica, are treated at length by Olbrechts (lOffS, 
pp, 60-77, and ff.). Suffice it to say here that the treatments were 
ohen well conceived and well administered in terms of the theory of 
disease herein presented. Jinny examples of curative formulas are 
given by Olbrechts in the work cited. 
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THE MEANING Of THE ^^mIS 

The Cherukee mjfUis collected bj l^fooney do not give a full story 
of how the tribe originated. Bather they are extremely fragmentary 
remnants that hare survived from a much more complete account now 
lost. The myths explain the ways of the past and the motivations of 
beh 11 vior chn racteri Stic of the t rad i tion a 1 li fe, I n a sense the my ths are 
rationalizations of the life of the ancestors and justfMentions of the 
world as we now see it, in terms of the continuity of life. 

The various species of animals are pictured in the myths as liaving 
clans Just like the Cherokee, and townhouses, townSj and othei’ soctnl 
forms like men. Each of tlie animal clans is pictured with its own clan 
council which made decisions of importance regjiriling the future 
of the species. Eire and tobacco are pictnred as having been ac¬ 
quired by sLeiilijig liriinmls nt tl\e helicst of the clan councils. There 
seems to be soine identification of iinpoi'tiint conjurers with the varioufl 
animal chins. The animals play tricks on each other just as the 
conjUral'S do. All the animal clans, however, seem to be involved in 
a peqvetiiul state of war or blood revenge against man because ha slays 
them or othenvise menaces t tieir welfare. 

Plants are regarded as the friends of man becatise they furnish the 
ba.d 3 for cures of disease and also because they yield food for man. 
Corn, Or maize, is especially revered and the myths clustering about 
the old woman of the com arc highly regarded and important. 

Certain other boingg exist in the cosmos who mny help or hinder 
human purposes depending upon the magic power wielded by the 
human being. Such beings arc; (1) The Man of the Whirlwind who 
Btira up tornadoes and dangerous winds f (2) the Rainmaker who 
brings or withholds raJn^ {3) the Cloud People who often come to 
visit and commune with humans; (4) the Red Man of Lightning; (5) 
the Thunder Men who make known tlieir presence during the storm; 
(0) the Snow Mnn: (7) the Hot and Cold Weuther Man who dispenses 
temperature changes; (8) the Rainbow Man; (9) the Hail Man; (10) 
the Frost Man; (11) the Waterfall Man; and (12) the Long Men of 
the River who incariiiitps the power of running wafer. 

The dramatis persoiine of tlie myths are involved in frequent quar¬ 
rels with each other and with man, and the struggle for power between 
the various conjurers is reflected in the iiiy1.ha in various ways^ bill¬ 
ing and rmTnga for killing, clan sanctioned, are basic themes. Con¬ 
flicts may also arise through a stealing of something valuable which 
requires compensatiou, Illood rrvenge wan of primary importance 
in the older days but uow seems to have stibsided into conjuring ^Svars” 
and other such sublimated conflicts. 

The joking or trickster elensent, in the myths mav be regarded a» 
another pliase of Uie conflict relationship, In the myths the rabbit 
tricks the otter, opossum, turk^, wolf, flint, and the deer. The wolf 
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is very gullibk ftinJ is tricked not only by tbe rabbit- but also by tho 
L6rrapin and tba g^'ouikdhog^ l.be totrapin ia tricked by the ti^key 
nnd the partridge. The tricks and practical jokes betweeii the animals 
are tjuite fre(|uetitly reciprocated and the animal tricked leturtis with 
interest the tricks of the trickster, Tlie favorite mode of tricke^ is 
for the trickster to lure the unsnspecting hntt of tJie joke into a situa¬ 
tion wUcrain. he is made to appear ridiculous and loses sometiiing of 
value. In incidents of this nature the bear loses his tail, the otter his 
coat, the deer his sharp teeth, and the opossum his furry t^. 

The trickster element is highly suggeiative of the joking that goes 
on between relatives today and the teasing of persons in tile grand¬ 
parent clan relationship to one's self wiiicU leads to the intimate re- 
la tionshi ps 0 f marriage. 

Fundamentally the purpose of the myths is to explain the present 
in terms of the past as the following story well indicates. 

the STORIT OF THE CREATION OF MAN 

At first there was a Great Spirit or “apportioiier’* living in this 
world called by a name which means "^He has prepared." This name 
canm about because of the fact tlnit he had already prepared cr created 
tl\e sun, the moon, and the ca.rtlL. 

One duv while walking about on the earth the Groat Spirit became 
lonely and thought to himself, I will make a human being to live 
witir me temporarily. As he walked on his way he came to a place 
where there was a mass of pale soil caused by a fallen tree with up¬ 
turned i-oots. Tiic soil being thin and sandy and just right for the 
purpose, he took some of it and molded a hiunun being and breathed 
the breath of life into him. As the man stood up and walked the Great 
Spirit saw that ho was ao hairy from the rootlets of the fallen tree and 
so pale from the nature of tli6 soil from which he was made that 
displeasure with, his creation took hold of him. 

Ho decided to try again nnd walked on to another place where 
another fallen tree had exposed its roots with a mass of black soil. 
He theft took of this earth and created another man. But he was 
displeased when ho saw the black color of the man, too dark to be 
of good appearance. So he walked on and came to another falleti 
tree, which in falling, had exposed a moss of red clay, imm this 
eartii tho Great Spirit made u third hiitnan being whose skin was light 
red in color and very smooth. And this time the Great Spirit wag 
greariy pleased with his creation. 

He then stood up the throe human beings in a row, the white wan, 
the black man, and the red man, atid commanded tltem to stand and 
be blessed. And as he did so he prepared each of them for his oeeu- 
patjoa in the future. He created a book and a bundle of roots. He 
offered the book first to tho red wan who refused it, and then to the 
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black man who also refused it; finally to tlia white man who accepted 
the book. The Qreet Spirit then offered the bundle of roote to the 
black man who refused it, and nest to tlie red man, who accepted 
it That is why the Indians have become wise in the ttse of roots 
for medicines and the white men in the use of hooks, 

THE TOWN LIFE 

From tlie earliest times the Chcrokeeo havo livied in settlements 
or towns. The live towns of the Qualla Boundary today are Birdtown, 
Yellow Hill, Painttown, Wolftown, and Big Cove. Yellow Hill and 
Birdtown are located in the vaUey of the Ooonaluftee wliile Big Cove 
is on the Kaven Fork branch, Painttowm on Wright's Creek branclit 
and Wolftown on Soco Creek branclL Each of these towns consisted 
ori^nally of a number of log cabins strong out at intervals of from 
a quarter to a half mile apart. In the cose of Big Cove two divisions 
are noticed, an upper Big Cove proper or IlEven and the lower Big 
Cove or CfillcoL The town of Big Cove itself had in 1932 about 59 
families of which possibly half a dozen w'ere white temilien. Each of 
the families possessed atout 30 or 40 acres of hillside or woodland 
and of this area perliaps sia: acres would be cultivated and planted 
with corn, beans, and potatoes. The stock was and is scant, consisting 
of a horse, cow, a few hogs, and some chickens. 

The five towns mentioned above, together with a sixth consisting of 
Graham County households, are organized as the Eastern Band of 
Cherohees with a chief elected every four yeatig, vice chief, and town 
delegates who compose a band council. Town unity is evidenced in 
cooperative societies ealJcd gadugi, funeral societies, poor-aid societies, 
town ball team, and town dance teoiiL The towns differ in their clan 
composition^ The Wolf Clan predominates in Wolftown, Painttown, 
Yellow Hill, and Birdtown, and disputes first place with the Deer 
Clan in Big Cove. Tho Wolf Clan is not found in any degree in 
Graham County^ The Deer Clan claims the most members in Big 
Cove and is numerous in Graham Cnunty, The Bird Oan is most 
numerous m Grahiiin County and ranks second in Wolftown, Paint- 
town, and Yellow Hill. The Paint Clan predominates in Paint town, 
the Blue Clan is found mostly in Big Cove, the Potato Oan is most 
nmnetoiis to the westward, and the Twister Clan is strongest in Bird- 
town and Yellow Ililh 

Stated in another way, clan distributions by towns show 1 57 percent 
of Big Cove consists of Deer and Wolf; 60 percent of Yellow Hill, 
Wolf and Bird; 50 percent of Wolftown and Painttown, Wolf and 
Bird; 65 percent of Birdtown, Wolf and Twister; and 73 percent of 
Graham County, Bird and Deer. On the whole the less thickly settled 
areas of Groliam County atid Big Cove show a greater predo minan ce 
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of oti & or two claiiB over the others than do the more densely populated 
Painttown and Yellow Hill. Examination of the record of marriages 
between clonspeople Lndicatea that the chance propinquity of reaidenoe 
has little to do with choice of mate. 

Intertown riTalry is expr^scd in the ball game* Great stress Is laid 
on magical power or the lack of it as the sole detriment to the winning 
or losing of ball games. These games, together with the ball dances, 
resolve themsalvea into a rivalry between teams of conjurers in the 
opposing towns* The magical rites suirounding the ball game are ex¬ 
tensive and esoteric bnt indtide a weakening of the opponents through 
trickster joking of familiar clansmen in tlie opponent's town. Ex¬ 
traordinary measnres are rsorted to in order to obtain the more pow¬ 
erful conjurers for one’s ball teaiiL In fact the entire community has 
been known to turn out to hoc the fields and perform work on the con- 
jurer^s fields in order to show their good will and regard for the 
conjurer’s abilities. The conjuror prays and divines the future. If 
ho finds the opponents stronger than the home leanij he takes nmgical 
measures to strengthen the latter. 

The life in Clierokee towns in early times has been described in great 
detail in the Payne-Butrick manuscripts. The number of dwellings 
varied from a do^^en to 200, depending upon the importance of the 
settlement Townaiti^ were usually on small creeks near the mouth, 
while larger streains were used for water travel and fishing. Stock¬ 
ades sunomided those settlements whose exposed position rendered it 
necessary. In the center of the town stood the town house or council 
house on a level area adjacent to the stream. The council house was 
7'Sided and in arrangement and use served as a temple for the Indians. 
Within the councU house was an altar of day at wMch the sacred new 
fire was kindled at certain specific timea^ 

Houses within the village were built with posts and wickerwork 
plastered with day and with a bark or thatched roof. Thoro were 
also hothouses for sweat baths and for cold-weather habitation. Store¬ 
houses were used to hold stored food. There was a dance square in 
front of the council bonse at which important ceremonies were held. 
Nearby were baU grounds for the ball play and chunkey yards for the 
chunkoy game* 

Towns were classified as white towns and red towns, depending upon 
their traditional ceremonial affiliation. There was a complete bier- 
archy of so-called white or peace officials and a similar hierarchy of red 
or war officials. 

CHEROKEE PERSONAlXnES 

The preservation of Cherokee culture and traditions is largely an 
affair involving personalities, particularly the medicine mem In John 
4 ^ 70 ^ 7 -—aa 
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Howard Payne’s time (1830) information regai*tling die traditions 
w'as gleaned by the mi^ionar^^ D- S- Bu tricky from Nut^wi Plnelog, 
Awayn, Corn Tassel, Deer-in-tlie'ivater, Nrttlet ITutsaTri Saddler^ 
Bain^ Raveit, TJiomas Smith, T, Smith, Jr,, Shortarrow, Situegi, Ter¬ 
rapin Head, and ToletiU 

In Mooney's time {IB0O-lE)10),the principal informaiita were Swdm- 
John Axe, Siiycta, Cfttawha-kiUer, Chief N, J, Smith, Sal all, 
Jessari Ayastsi, and Jiunes and DaTid J^lythe, 

In m-ent years of the twentieth century there were Will West 
Jjong, Deliski Climbing Bear, Morgan Calhmm, and otliem The tend¬ 
ency of medidne-inaking to run in families w as noted by Olijmdits 
(m2,p. 106). 

A detailed study of the matrilineal pedigrees among the Cherokees 
would reveal much of the background of tlie prominent personalities 
of the band. This is true both of the earlier period and the later his¬ 
tory of this group. The science of Imman genetics is only in its in¬ 
fancy, yet a brilliant future may be forecast for it in the study of groupf^ 
like tl 10 Kastem Cherokee. The t racing of cl an descents, together iv i th 
historicttl notices of the personalities and the lineages lichloving con- 
tinned disHnotion in the Cherokee tribe, is of the greatest iniportanco. 
Whether the distincdoii woa socially inspired or biologically trans- 
inittcd is of little account in our present stale of knowledge. The 
important thing is to trace the genealogy of uchievement wdthin the 
group. 

The famous Atakullakulla or Little Carpenter was a nepliew' of 
Old Hop of Chote. who was principal chief in tlie eaidy eighteenth ren- 
tuiy. Little Carpenter was noted as a man of superior abilities who 
was peace chief of the tribe through many difficult years. One of hi? 
sisters wna said to have been tlie mother of the famous Xauey Ward* 
who w'as described by William ilart.in as “One of the mofit superior 
wonien I ever saw.*’ Since Xancy Ward is described a^ having lieeu 
of the Wolf Clan^ wo may assume that her motlier and T^ittle Carpenter 
were also of tins dun and possibly Old Hop ali4o. Little Carpenter^s 
st.in, Dragging Cunoe, was another famous Cherokee leader. Also of 
the ^Volf Clan was f^huHes Hicks, principal chiefs and son of 
Nancy, a daiighter of Chief Broom, and a white man, Nathan Hicks. 

Still another lineage development is suggested in the case of Old 
Tasiselt principal chief of Chote, and of tlm T^visfer Cbn, a lineagr 
iiotesil for its pride and haughtines. John Watts was a nephew of Old 
Tussel and son of a white trader, Jolin Watts, and a. sister of Old 
Tafiseh He wa.^ a headnuin of the Cherokee-Ji and a chief of tlie 
ChickiimaTigas. Tt is said that Nathaniel Gist, a Pennsylvanm Ger¬ 
man, married another of the sistei-s of Old Tassel and became the 
father of George Gi-st, the famous Sequoia, in venter of the Cherokee 
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syUftbaryn Two other distmguished nephews of Old Tassel were 
Tolluntiskee^ a principal chief, and his brother, John Jolly, also a 
principal chief. 

The A\"olf Clan, the line of JJttb Caiijenter ag we have seen, has 
also given in more i-ecent times the famons niedtcine woman^ Ayasta, 
mother of Will WestTjfjng, Climbing Bean Calhoun, Lawyer Calbouii, 
Morgan Calhomi, and John CaLhoun. Of tliese, Will Long ainl 
Morgan Calhoun were fanioiismedicino men of the Wolf Clan at Big 
Cove, Tlie famous Swimmer, Mooney's forinula informality was of 
the IVoIf Cltin and married a Blue Clan woman* llis daughter Mary 
had a son Uweti who had a son, Tajke Swimmer, living in the reserva¬ 
tion in 1932. 

Yonagnska or Drowning Bear was a peace chief and tiie best orator 
of his time. He married twicey in both cases women of the Wolf Clan. 
His son iTiilio married Hnsi of the Deer Clan and had a son Faidil 
Skiti or Waving EarSj who was a householder in Big Cove in 19^3* 

From this and otlier examples, it may be heen that descent can Ije 
traced back to the peri(Kl of the middle nineteenth century and lic- 
yond. The continuity of descent alTordcd by the clan traditions of su- 
jwrior achievement, especially in the cases of the Wolf and the Twister 
Clans, doubtless accompanies the transmission of formulary lore 
and other cultuml items. Tluift it is made to appear that a tribal 
™iety such as flu- Eaetem Cherokee is essentially made up of con tend¬ 
ing lineage gltmps (clans) each of which carries its own placement 
status within the society* The personalities produced by the lineage 
are but facets of the dun and die social standing of the clan. Tlds i?! 
because behuvior in a primitivo society h alw'ays conditioned by lineage 
alhlitniionf^ tind by the prestige attaching thereto. 

CONCLUSION 

We have examined a number of facets of the Cliorokce tribe oper¬ 
ating in relation to its natm^al enviromneiit* In this brief paper the 
idea has been stressed that cultuie is mainly an ecological adajitAtioii 
of a race to its enviixmment and is designed to enable b-iirvivid smd 
expansion of the biologicj^l heritage of that nice. In other w^ords tlie 
culture is not regarded as operating, per ?Cj i n a vacuum. It is thought, 
of as inseparable from tiie natural ecology' of tiie race or people under 
consideration, Tlie [people are primary objects of oonsideruUori, their 
culture secondary. 

Tlie first principlo of social continuity of the generations la illus¬ 
trated by the dau or naatrilinc^l lineage. Next, attentiim 15 called to 
the principle of rhythms in nature and the couiniemoration of these 
rhythms in the ancient monthly feasts. These in turn are shown to be 
the likely autecedenls to the modern Cherokee dances which corninem- 
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omte the rhythmic recurrence of needs just aa did the nneient monthly 
feasta. 

Then^ turning to the Cherokee prayers or 8aci*ed formulas, which 
are in some cases hundreds of years old^ it was found that they lend 
force to social continuity through their conservation and conunemora- 
tlon of traditional ralnes^ both orally and in writings The prayers 
are in turn buttressed by the myths or stories that illustrate the think¬ 
ing of the ancestors and explain the pre^ 3 ent in terms of the past. 

The town or community hfe of tlw Cherokces shows its roots in the 
clan lineage system and relation to the civil and military needis of a 
primitive people. Ont of this lineal emphasis of the coJnmunity life 
einergca a view of tlie Cherokee personality, a product of lineage and 
social status^ but permissive nonetheless of special individual achieve¬ 
ment. 

The final conclusion is tliat Cherokee life today is a going concern 
and gives no evidence of dying out or disappearing through abeorp* 
tiou within the non-Indian ^iety that sarrounfle it. Commemota- 
tion and mnovation are the two forces still constituting the cycle of 
life as far as the stream of Cherolcee existence ia concemod. 
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Dried Meat—Early Man’s Travel Ration' 


By N. Wentworth 

past Preililenr. Agricttftiiral History Society 

CheftrrtOP^ Ind. 


pjuMLTiTE JiAs oiiginated three, methods of meat preservation— 
freezing, salting, and drying. Later on, according to ald^ tmd lati¬ 
tude, he developed further offshoots of each through refrigeration, 
spicing, and smoking. Some trila-s that lived near ?alt springs, d^d 
seas, or ocean (lats discovered that salt was a good preseiv’ative while 
the subaretic tribes niitiirally learned tlm efficacy of cold. pTyii^g 
came from experience on the edges of tJie desert or in mountain altl- 
t udffi whore the air was light and arid, men the atmosphere proved 
too humid for the sun- and wind-drying proce^, these methods were 
supplemented by fire, either in outside frames or m tlifi hut, and the 
smoke frem the wood or brusli imparted dietinctive flavors. 

Drying as a method of presorvation was just as natural a discovery 
as were the other two. Any meat left on a carcass by a predator or 
hunter would dry quickly in the regions were humana first emerged 
from the anthropoid. Possibly this location was Asia or Africa; and 
most probably it. was north of the nimalaya llountams. Perhaps the 
method of drying’waa worked out independently \n several locations. 
For example, aredieologist lYilliam A. Kitchie of the State of New 
York hHH found extensive sites hi Cayuga County, which mdio-carbon 
dating bv Dr IV. F. Libby of tlie Atomic Energy Commission shows 
In have l^n In existence about 3500 B. C. Appai-ently large racks for 
meat and tMi drying were erected, and numerons remains of bones 
(principally deer) were present—cither whole or cracked for the mar¬ 
row. Dried meat has been found in the ancient Sumerian sites, on 
the lower Egyptian Nile, and in the extreme northern and eastern 
edge of Mongolia. In a few cases it can lie determined definitely that 
the meat ivas dried before storing, Perivaps the ^t^ tradition in 
Euippe waa learned from the experiences of Genghis Khan, Tamer¬ 
lane, and other “Hun” Invaders. In their first expedition, the hlon- 
gola rrm short of tlie cattle they drove en route, but they apparently 

‘BeprirteU tiy pennlsBloa from AErictillural Hiatory, toL SO. Januflir 1B60, 
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had enough dried meat in their haver^cks to last until they could find 
additional food in the civil izod settlementa. 

In Uie days before wheeled transportation^ it was very unportant to 
carry meat in some form that would not spoil and yet could be con- 
Teniently home by travelers on foot or hor^back. Even before re¬ 
corded hietojy began, swarms of wnrxioi^j traders, and travelera were 
traversing the trade routes along the Me^terranean Sea—the famed 
*^Course of Empire.^* Wild food animals disappeared rapidly, and 
farmers that dwelt along the highways could not raise enough cereals 
or domestic livestock to meet the needs of the villages already in the 
course of development. Ultimately, market centers grew up where 
pastoral tribes^ hunters, and farmers, operating in arenas lying off the 
trade routes, could bring thoir meats and grains for sale in a form the 
wayfarer could use* Jerky was a prime market product 
Tlie practice of meat drying undoubtedly came to this continent by 
the great migration across the Bering Strait several millennia ago. 
It was the most convenient method of preserving meats^ at a mi nr mom 
weight, that the Asiatic tribes reaching North America then kne w* No 
one can date the calendar for this event* but it was at least 40 to 60 
centuries ago* Possibly the method of desiccarion with which thia 
continent was acquainted had originated in several places but, because 
it wag so uniform among all the primitive tribes in Atuerica, it geems 
likely that it sprang from one source* 

In the Western Hemisphere, dehydration of meet was practiced all 
the way from the Arctic Circle to Patagonia. On the east coast of 
South America^ numerous Brazilmn and Paraguayan tribes, including 
those in tlie swamp areas^ dried thear seasonal meats over smoke. Tlie 
Portuguese explorers called this meat mr^e; the Spanish explorers, 
cMr-^di and the Engiiah, jerky. In North America the term jerky 
was confined principally to the United States, with only slight usage 
in Cauada^—probably adopted from the fur traders-* However, 
Charles J. Lovell calls nttontion to the fact that references to pemmi- 
can were in tlie literature of Canada aa early as 1743 and 1T72,® The 
Mexicans used still another word, which may be nearer the 

original Indian sound, but now it cannot be identified* 

* V, StefAOfsoii tfi fiUthor^ Febrimr^^ 10, 1955. 

•Charl^ j, to Huthorp Februriry IHSS, quotes Jflnies tglimao^H Ob- 

npiratJocE on HuOflon’B Bay* 1H3. p, l5fl, TorontOp wbore It is CflUed 

“PiiDin^Kan,"' and the Chinahefland House JouFual ijf the HudsoD^s Eay Com- 
panj, September 23, 1TT7* wbkh Hats 1^024 pounds Oif bent meat, 1,720 poundi of 
"Fattj” ami lOO poundB of "PinmiacmL" The flrat citation in print In Eofland 
iB In the Oxford DJeUenary lu iSoi, froin Alexander Mackanaie, the graftt 
CiuiAdiau explorer^ and the flr4t citation from ah AmerlcAtl ormree was fram 
tba LewlA and Clark expedJUon in 1804. thoagb the dletlimary purports to la- 
dude only warda that first eotered tim Englbjh Inng^ai^a in tho United State*. 
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In the fifteenth century dried meats were known traditionally by 
the Celts in Wales, Ireland, and Scotland, as used by their warrior 
forebears S or 10 centuries earlier. Tlie Basques in the Pyrenees, as 
well as the French races of old Provence, were familiar with the prod¬ 
uct during the ascendency of Eonie. Earlier still, tlie ancient races 
of lake dweUeis in the Balkans, Switzerland, and islolated regions of 
the Alpine mountain chains, left renmants of dried meatB around their 
ancient dwellings that indicated their use of the product. 

In Ilia study of the American Indian, Clark Wisslcr divided the 
North American continent according to basic meats consumed.* * 
Throughout the arctic and subarctic regions the chief dependence was 
placed on the flesh of the caribou, altliough in the northeast musk 
oxen were occasionally sulratitiited, Tiie salmon urea extended as far 
souti) aa San Francisco and eastward to the crest of the t^ierras. The 
heart of the coutinent, however, depended on the bison, which even 
today contributes the best flavored jerky produced under conditions of 
sun and wind drying. In eastern Canada and New England, deer and 
moose, with an occasional elk, furnished the foundation; while along 
tlie Atlantic coast to the soutli, and in the Gulf region, deer and on 
infrequent bear seemed most important 

The first historical reference to jerly in the Western nemisphere 
was furnished by Castaneda, who prepared the records of the Coro¬ 
nado expedition (1540-1542). Two standard translations exist, the 
older being by George Parker Winship: 

They dry the flesh [of the bison] In the attn, enttinp It thin llte a lent and, when 
dry, they grina It Uhe meal to teep It. and meke a seaBonp of It to eat. A handful 
thrawD Into the pot swells up ho os to lijf.reaae very much. They senwra It with 
fat. which thuy alwaya try to decyre when Uiay hill a «w [blB™!.* 

The other standard translation, by Hammond and 'Rsy, renders, ‘‘sea- 
soup" as “mash" and romanticizes the ‘“pot” by calling it an “olla.” * 
Somo students have tried to assume that Castaneda referred to pem- 
micati rather than jerky because of his allusion to fat, but it seems 
rather obvious that he was discussing fat added during cooking or 
eating. Pemmican itself seldom required added fat to improve its ap¬ 
petite ap^ieal, as it usually consisted of 30 to 50 percent fat and on tho 
northem plains it might contain as much as 60 to &0 percent. 

The chief problem was to gather enough meat during the bunting 
season to wamint dr>'iiig. Both the plains Indians and trappere re¬ 
lied on the bison, but tho forest-dwelling tribes also sought caribou, 
moose, and deer. Indian attempts to catch numbers of ealmon during 

* Clark Wlflsl&r, ITi* Ajncricflft Inllflo, 2 ^ pp- 2-3^ N#w York, 1322. 
*Oeor^ Parlcer Winship, The Coronado llipedllToB, l54i>-lE42p Fourteentli 
AaiL E^. Bur. Am^r. Etlinol^ Pt. r, pi*. 627-^tSS, ISQ6. 

*Georeo P. Hanmioiia and Aeaplto Kar«tlt« of tlie Camnido Eipedt- 
tlon, pt>. 282^ AJbtiqiiihrqiie, 1 
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the seasonal runs have been well described by eiplorer* and anthxopol- 
ogistSM But not many are famiUar with methods used by the tribul 
hunters of the Mississippi VaUey before the horse age, who dwelt on 
the borders of the bison range. They hunted the bison afoot^ a diffi¬ 
cult and dangerous procedure. 

Back in 1700 Nicholas Periot^ French corumandant of the North¬ 
west, described an even earlier buCTalo hunt among the Ulmois tribe." 
Long before duyligldi a hunting party of young braves started out in 
three groupfk One section went to the rightj another to the left, and 
the third served as gap closers, dividing into two parts—able to sup¬ 
port the right or loft groups as they needed re-enforcenieut* The bison 
was inoro than a match for single huiitera who approached on foot, 

A long section or file was foriiied on each side, and after traveling 
about a league toward the bed gremnds of the herd, some of the party 
remained to aw'ait daylight* After another league had been covered, 
Ev second party was detached, while the rest marched another half 
league and wailed there. When the dew had dried, they closed the 
opening between tlie right and left groups and encii'ded the entite 
area, setting lire to the dried herbage. At this incunent, tho old men 
and boys froni the ti-Iljal village joined tliem, and the completed fires 
on four sidc^i suntuinded the game. A fc’iv of the bison would try to 
break through the burning barriers, but the hunters could usually turti 
single animals back to their comparLions in the Gery enclosure^ Perrot 
reports that sometimes a single village would obtain as many as 1,500 
an i mills* 

Bi^on killed during the siinuner when the animals were fat and their 
coats thin proved the The fiesh was tlien of the finest quality and 
the pelts were easiest to remove and dre^ss- The meat was cut along 
the muscle fibers lusted of across tlic m as we common I j do, so the 
fiavoi^ inherent in the juice could be preserved while dehydrating. 
However, the slices were cut into as thin strips as stone knives would 
permitn Our American Indians were Stone Age men when Europeans 
first reached hetOj estcept for a liiiiiteil number of Lribes which had 
aoce^ to impure nutural lead, or copper ores. These metals were 
beaten into kmves with hammers and tlien ground along the edges. 

The fiesh was dried as rapidly as possible in the sun and wind or, if 
too humid, in the smoke of tlie lire inside the lodge. This process ae- 
tunlly mummified the meat and made it quite tough. Meat diy enough 
to last in damp, warm climates was difficult to chew\ Ilenc^ it was 
usually pounded into small fragments and placed in skin hags 

^EmiBR HeLon BleLlr^ eiJ„ The ImllaD trlbwi of the MtsalHiiJpni VaUeyp 

pp, 121—122, Clevelaadr l&ll, ccintJlins transUitton ef Nicholas Perrtjt's ^''MeiDolra 
of the Maoaors. Ctwtoiri& and Il^UKloa of the Savogc^ of North oHfil- 

qdUv pnbUsheU by Julefj Tailhani, and t*arle^ 1964. 
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(ehrietejied bj the French Catifidiaiia par^ecTu^^) t« make it convenient 
for travel or storage. Polvcrbing wa customarily acoompli^ed by 
iise of stone hammers or wooden clubs against stone. Many fragments 
of rocks were thus indiided in the ^^beat meat^ or “pounded meat,’' ^ 
the fur trade came to coiill it. Wljen fully dried, a bison cow was esti* * 
mated to yield ^5 pounds of dried meat which was quite a saving in 
weight in comparison with the originul carenss. 

The meat-drying operation was a community and tribal affair. 
In Thomas tf . Farnliam reported quite vividly a picture of meat 

diynng by the Kaw tribe on the Pa>™ee Fork of the Arkansas Eiver 
in Kansas, near present-day Lamed: 

Tbeir wijfivatuK were cenfltraeted nf bnsbes Inserted tnlo tHe ^jiinUp twUtcd 
tneeUuer at the tOD^ and coTPtSMf with thfi hnftalo hidea which they had been 
gathertnff for their winler lodges. Meat was drying in every airei^ticu. It had 
lioen cat into Icing narrow^ strlpsH wotmd around f^tleks Eianding ulitight In the 
jn:oiliid, or laid over a rtek of wfeher work, under which slow Area are kept 
hurniDf^. - , They inake a yearly hunt to this region In the fiiirlnp, lay la 
n Urge quantity of dried meot^ rctam to their own icrrltnty in harveat time *, . 
nud thtw prepare for a long and merry winter. They take with them, on thesti 
hmiting e^tctiralona, all the horses and males belongicg to the trJho^ wbSrh can 
he ^^pared fro™ the labor of their doIdH upon tbe Romzas River, go w-mth untn 
they meet the hulTalo, build their distant wlgwimia. ami wmmence their lalw>r. 
Thla ia divided in the foUowlng way between the males, females^ and ehlldren j 
thfl men Mil the gurnet the women dress and dry the and tan the 

Iildefl . . .? the younger ?^hoota of the tribe during the day are engage^i In 
watering nmi guordlni: the horaei^ and males that hive been used in the hunt— 
ehaaging their stnltcs from one apot ta aucther of fresh grns?, nnd crouching 
alone the heights ftroiind the camp to notice the approach of foes and aotind 

the alarm_Unless driven frotn their ^ame by the Tawneos, or s 4 imo other 

tribe at enmity wUh them, they load every animal with meat and hides about 
the first of Angost, and commence the oiareh bac^k to their flolds, fathers, and 
wigwania on the Konzas River." 

?rot much has been T^rltten about half-dnj meat Stefansson states 
that tills is tho favorite form of preparation, when the caribou are 
fat, over Canada from Lake Athabaskii northivard.' Fir^ the carcass 
is split down tho back and the side is boned out. Tho choicest lean for 
making this preparation is taken from the hams and tenderloins 
Some persons, principally ti-adere. do not wish to have too much 
fat, so the excess is stripped off, Tlien the boneless ^de or nh 
blanket” is hung like clothes on a wash line. A rawhide or other 
rope is usmI for suspension, or the meat may be spread over thebru^h 
of a tree. If the flesh is laid on the ground it must be turned at ^ 
quent intervals. The intention is to have tho meat dry on the ontside, 
but on tho inside it still retains considerable moisture. Where the 

• TIiomaB J, FarDlmm, Travels In the freat prairies (2 voKi, vat 1, 

pp. B3-^R7, Londem, 1^4S, 

* StivbiiiBSDP t& AuthoTp Jaunary ^0. 19 dS, 
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flUD Etrikes it^ a sort of gliize b formed wtucli is airtiglit, and tJie far 
trader ’was ’rery fond of the resultant flavor* Stefaosson remarks 
that tile outside *^skm" protects it through the months of hot weather, 
jind the half-dry meat is highly appetizing^ 

Tlie usual method of cooking is to roast the sides by the fire^ hut 
the half-dry meat is also e:^oelIeiit if boiled. Since tooth decay is 
normally an affliction of starch, sugar, and cereal eaters, there ’was 
no trouble in diewing this meat among tribes north of the Mandan 
country* Of course, traders from England, France, New England, 
and eastern Canada, with teeth already decayed, did have some diffl- 
culty in chewing. However, the natives never faced that problem 
and Stafansson states that meals of good half-dry boned caribou ribs, 
properly roasted, are the most delicions he has ever eaten. 

During World War H the author was on the advisory staff of the 
Quartermaster General (with various wqilorers and geographers 
like Stefansson and Earl Parker Hansen), and had opportunity to 
learn several interesting criticisms of dehydrated meats. One of the 
first objections came from the members of our own committee^ wbo 
felt that the meat did not **taste right.” It was prepared at low 
temperatures and with a minimum of light and air. Sun drying 
pcrrnitB the development of flavors arieing from tb© natural enzymes 
in the meat^ as well as from tbe crusting, or membrane, which appears 
on the outside during the drying process. 

Some people less practiced in the use of jVrlcy and pemmican com¬ 
plained that the sun-dried product had a “fishy flavor.” Others ex¬ 
pressed the opinfon that the taste was due to the fats rather than to 
the proteins. Not much scientific research has been conducted on the 
relationships between the amino-acid composition of various proteins 
and their flavors* ITowever, it is known that when the fata are com¬ 
pletely removed, there seems to be little difference in taste between 
the fish of various orders, genera* or specieo* 

Sun drying rer]uired tliin slices so as to obtain rapid removal of 
water under the hot $un and the circulation of dry air. There are two 
kinds of reactions in the proteins; one due to the ensymea natural in 
til© meat and the otlior from enzymes of the micro-organisms. Tlio 
action of the enzymes of the meat takes place normally, and produces 
the ‘^aged” flavors to which we are acetiatoraed. On the oth^r hand, 
undesirable flavors may be developed by enzymes of organisms that 
act on aminck-acids oiid the derivatives, convorting them into highly 
odorous substances such as amines, mercaptans, and dcatolo. 

Tills strong flavor in carelessly handled meat dried in the more 
humid regions provides one of the reasons why jerky has never found 
an important outlet in the civilized are. 3 t& In more recent times a 
second cause of unpopularity was the time requited in the home to 
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8oak and cook it before it vas usable. During the early an 

attempt was made to manufacture so-called “dehydrated meat,” which 
was of very good quality, but on aecount of the war and the employ- 
ment of so many homemukers in defense industries, it was not possible 
for tliem to obtain the time to dehydrate it and prepare it for the table. 

With further reference to enzyme action, it should be noted that 
neither the naturally occurritig enzymes found in the meat nor tho^ 
caused by micro-organ isms can act if the water content of the meat is 
reduced rapidly. When the percentage of water Ib ikopped to 6 to S, 
enzyme action is estremely slow, and by die time it is reduced to 2 or 
3 percent, it is stopped. Thus dehydrated meat, during this period, as 
prepared for military and ciTilian personnel, had tlie water content 
carried down to 3 or 4 percent as quickly aa possible. 

It proved very difficult to pulverize half-dry meat evenly for stor- 
Bgo in the parfieckeg of tho frontier, and both condition and flavor 
were often affected adversely when exposed granular fragments had 
different water contents. Sinca the chief part of the otf-Ouvors 
tliat come in tlie proteins arise from outside action after the meat is 
ground, when it was dehydrated for wartime use the temperatnro w^ 
raised to 105" to ITO" to “pasteurize” it. There are somo enzymes in 
the flesh that, even at tliat temperature, may still be active, but the 
primary purpose is to destroy vegetative forms of life that act on the 
product tlirough tlie elaboration of their own enzymes;. 

In the packing house, during World AVar 11, tlie meat to be dehy¬ 
drated was ground just as in hamburger or sausage. One of tJie lar^ 
companies dried the product through a tunnel with a current of air 
(lasaing over it, and another used a louver procc^. A tlurd dneil the 
ground meat in open pans and then transferred it to a vacuum.^ The 
latter process took care of the final drying, ns ivell as any nndeairabk 

volatile products. “ , . , . , 

The chief factor in deveioping the “fishy” taste m suu^lricd jerky, 
to which inesperienced people objected, came from the fats. In ^ 
and wind drying, utmturated fatty acids tend to oxidize, prodncuig 
substances that contribute to tlieir dista^ Of tlie nnsaturated 
fatty acids whoso oxidation produces unrelishcd flavors, tlie two most 
important are linoleic and linolenic (characteristic of linseed oil and 
very important in the skin health of mammals). The higher the 
temparaturo of the process, the more these oxidized fatty acids dovelop 

and the more pronounced the “fishy” flavor. 

To most people, a degree of “fishy” taste is not eo bad. Tlie rarer 
flavors of aged cheese and the epicurean delights of well-himg game 
orisB through similar aging, or proteolytic conditions. However, 
during World AVor II housewives were not accustomed to these flavors, 


BjroD T. EhlnB to autJlor, FebmnTT 
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wore used that h<;ld them in check. Also a small amoiiDt 
of salt (1 to 2 percent) was added to iacrense the appeal to the average 
consumai*. In spite of tlie iriost Siipcrior techniques, the dehydrated 
meat never became popular^ In tlie mili tary fiervicej lidtcopters^ air¬ 
planes, and parachutes made possible the delivery of eannetl meats to 
which the military personnel in isolated pcsta was acenatomedp At 
such posts os radar stations alon^ and over tlie Hiniulayan liump, well 
witliin the enemy lines^ delivery by air was almost rcguluri. 

An early discovery of prehistoric days was that dried meat wa3 so 
iliQicult to swallow that it conkl not be eaten in a hurry, and dipping 
it in water made it even more tasteless than before. However, when 
the dried meat was dipped in rMelted fat, or even in oils tliat weie 
liquid at ordinary temperaturcsj the ease of swallowing w^L^ groatiy 
Improved. T\Tiere the fats were too hard at normal temperatures, 
melting was often impossible during the chase or in the pi-o^imity of 
enemies, so that hunter or warrior introduced pieces of fat into his 
mouth at the same time that he bit off a chunk of jerky . This practice 
may have led to the manufacturi; of pemmiean. 

Hodge states that the word ^^pemmicau^’ means more than the simple 
Lhouglit of fat—it also implies its manufacturep'^ He translates tlie 
Cree Indinji word pimi^ ns meaning ^he makes grease/* The Indians 
boiled the cnido fat in water and skimmcil off the supernatant oiL 
However, it may be going wide of the mark to derive the word pern- 
mican from the Creo language. 

Gatlin ^d other early travelers report the collectiim and cracking 
of buffalo bones, which were broken and boiled to extract the marrow 
fat which the tribes prized highly.^ The marrow from the long bones, 
when cracked, could bo easily eriracted by physical methods, imt the 
fat from the cell cavities at the end of the bones (or any other bones 
that had a spong^^ structure) wris usually obtained by emshing and 
boiling. Furthermore, Catlin states that tiie fat was put into bison 
bladders, which had been distendedj for storage and later consumption. 
He saya that marrow fat after cooling becrame quite hard t allow\** 
and posse^d the appearance and ve^y- nearly the iJavyr of richest 
yellovi' butter. A second motive in keeping tho marrow* fat separate 
wag that it required more careful handling to prevent rancidity—it 
Tivoiilil not keep os well as ordinary tallow. At feasts, chunks of Ltie 
marrow^ fat were cut off and placed in a ti^ay or bowl w'ith Oie jetkv* 
so both Could be eaten togeLher^ He suggests that this was a good 
substitute for bread and butter, and might even be cons^idered the 
dietarj’ equivalent of that food for the tribesmen. 

i^Froderk-t \V. od^ Haadborvk of Attierlcan rndlans cortli of Mevico, 

Pn 2* II. 222, Waj^tiliajjtnn, IBIO, 

** Genres Catlla, Tbe manners, tttatoma and condltiaa of the North American 
LDdlans^ p. lieii liondoa^ S84I. 
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TThcrfi ii 6 F 0 r efiouj^li miirrow f&t matp tlifi atiioitiits of pcni 
micsn which the Indians and frontier&mcn required, eo this type was 
known as sweet tjemmican,^’ The ordinary pemmicon was made by 
adding the fat from the hiunp of the bison, from under the skin, or 
from the body cavity. The latter was the iiardest, and was preferred 
to the fat nearer tho exterior of the body. Both caribou and buffalo 
penimicans were formed by the addition of their own fats. Iheir 
range was treeless, and the natives had to hunt as fast iis their qnariw 
moved. Slost of the time it was impossible to dry the meal and make 
the pemniican while the hunt was in progress, so the meat was stripped 
off the animals as fast as possible and caciicd each day. Wlien enough 
TiVfts ficcured, it dried, assemlikd, and tbe pemmkan aa iheitiu- 

fiutuTed- ^ _.T ■ ^ 

In some Cfl£ea^ as ji ‘rariont, ifild cherfies (piLsand everyihing) werft 

dried, pulverized, and raised with the poinded meat. Thomapplw 
were also used, os well as June berries and chokcoherries, and, still 
farther north, “sarvts” berries. While these introduced social flavors, 
most of the trappers and explorers preferred the simple Jerky and fat. 
However, in the winter camps some squaws were said to like more 
variety, and it was in part to satisfy the feminine tastes among Indiana 
that berries were added. Also it may have been a white miin s idea. 
Stefanesnn states that at the height of pernmican’s use by w'Mes 
around 1820, from 1 to 5 percent of it was of the flavored or holiday 
sort (salt, niisins, dried berries, sugar, etc.), the cake variant of the 
“bread of tho wilderness.” ** In many cases where Uie fruit peTnmican 
was prepared for the men on long or difficult espeditiona, the simple 
dried-meat and fat type was prepared for the do^ used for transpor¬ 
tation. After a few weeks’ esperience, almost without exception, the 
mcD exchanged their ration for the “dog i>enimican," and tlie dogs got 
Lbe variety. 

For iL-h pcmmican in Ihc norlhivest area, salmon was dried and 
soaked and then pounded fioe in stone mortars. Thote dried fish caiild 
be stored in baskets, or fish fats could iw added to make Etaiidard-type 
iiemmkan." In either case it was cmisidervd an emergency food, smee 
most of the tribes {esi>eeially those of (he interior) preferred tho 
product made from bison or deer meat. The aturgeem provided the 
principal fish oil, although in some cases seal fat was used. 

The Eskimos did not produce jerky, although tiiey were familiar 
with tho Indian product south of ihera. Tlieir substitute was known 
as akutok and was based on caribou meat, which was sliced thm and 
wind dried until an out^de crust was formed." The inside, tiiough. 


“HtniKep IhM., r>p^ 233, 224. 

VUliJiilHmr by brejitl p. 182^ New IMJ- 

WiRtsler^ The Amerlcflu IiHjlfln, p. 0^ 

“ Stefurisson to iiutlior, February 16, lOM : Xot hr bread atone, p. ^ 
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was merely half dry. The resultant meat did not ^Ind satisfactorily 
to foriii as only an oecasionai piece was dry enough to be sait- 

abje. Consequently they chewed their meat instead of grinding and 
apat it out to be dried.*"^ 

In the old days when pemmlcan was being manufactured it was 
poured into the bag, and watch was kept to flatten the sides to a thick¬ 
ness of 6 to 7 itiohes—thereby giving it more of a brick shape when it 
was cooled. This aided in stacking and storing and in general made 
it convenient to handle. Gradually these bags were atniidardi^cd for 
the fur trade at about the size of on old-faaliioned bed pillow, and 
would weigh, when filled, from 80 to M pounds. In this form the ba^ 
were known as ^^pieces of pemmican,” Each bag was of buffalo raw- 
hide, the hair side out, IVlien filled, the mouth was sewed shut and 
all the seams were greased with fat, which was applied when cool 
enough to congeal. This excluded air from the contents, and pre^ 
vented water from reaching the interior—if a canoe wag upset, for 
example. 

The French fur traders luid trappers, as stated previously, chris¬ 
tened these rawhide bags par^Sche^^ and specified slightly different 
sliapes. They required that they be roughly cylindrical and taper 
toward tlie bofioni+ Usually they were fringed on one side, and were 
used for storage rather than for ship men 

Arotmd the turn of the tw^entielJi century the rawhide bags were 
also called tofireauas (hulJa), Alexander Ileniy reported receiving in 
tho Red River countiy of Dakota four t<mreaiisi of pemmican per 
canoe, each load weighing over 300 pounds These tmreaux were 
also rawhide bags whose contents totaled about 80 pounds. Some¬ 
times tlie name tauremix was transferred to the same amount of pem¬ 
mican when it was packed differently. The best quality of pemmican 
c^utie from tlie upper Red River in Dakota, and when circumstajicea 
prevented Henry from getting other food he wrote: 

We DOW were ablif?ed to cot peiutnTctfDp anti haft a few baps which harl been Ijiup 
■II BUtniner ]ii a heap covered with a leatherb tent I waa tErprehensIre that It 
woa spoLied fKim the compialntfl by mj frlenclfi nbont the bud quality of 

Lowior ReU iUT^r pemmicau, but was aoTprlaad tn find everj bag e^ceneut. Thle 
waa clear prcKif to me Uset the bad pemmican [of which tbejr spokel caxao from 
another quarter-^I au^pect Pormee-lB-Prairle [we®t of modern Winnipeg and 
not on the Red River]," 

Pemiiuciih waB a summer food, ased in hot weather hy Indtans, trsd- 
ara, trappers, and esplorers. Contrary to usufit modem dietitisjLS^ 

” Hedge, Ibid,, pp, 224. 

^ Rnbert H, l^owle, The Crow Indians, p, New Tni-lc. iKkI, 

"Elliott Conw, The Rrd Rlvfr of the North in New lights on the earlj^ hlatorx 
of the in-eatCT NorthweeL The inaDuaciipt Journals of Alexander Henry and of 
David Thompson, vol. p, 210* New Ynrk* 1SSJ7* 
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teachings, the pcrcentiigB of f^t desired was as high m summer ^ m 
winter A convenient method of figuring tlie pro^rtion of fby 
the calories furnished from it in proportion to the ^dories^ _ g 
fi^m the lean. Most Americans tasting pamnucan for the time 
prefer 50-50, or at most iiO^. But for the 
de-bois 70^0 was too small, and SO-tiO was prefemd. 

Parker Hansen, the tropical esplorer, went to Liberia a _ y _ 
ago. Armour and Company manufactured both 

U^Vor him. but in a few da>. he came to the condusion o^y 1^- 
latter suited his needs. Similarly, for cold 

favored an even higher proportion, 60 percent of fat by^^eight, u hich 
probablv provided more than VO percent of the calories. 

Tlie problem of bulk was another question leading the way fron 
ierl;* toV-mican. The original strip, of dr rd meat 
enough to pack well and the ‘‘beat meat * was too fluffy. When rea y 
for manufflchire into pemmican, the bag, bladder, or * 

..ceptade, was filled loosely (like feathet. m 
tallow, about the temperature of lard for frymg doughnu 

of .^0 ^aoed wn. oo- 

rurred during the Gold Bush in California, Tlie hordes of prospe - 
tors soon exhausted the game supply, 

and Spanish-owned ranches, and tha animals J^at ^uld l>e ^ 

from nearby territories like Kew Meri™ and the 

portant amounts of Oregon Jerky and pemmican 

former) were shipped by vessel to San Fmncisco or transported by 

pack animals to the northeim California mming^regions^ 

Tlie food value of pemmican is BUrpnamg. Conaidere ■ 

standpoint of calories the masiroum of energy ^ 
into aV-d of digestible foorl is around 4,000 to 4.‘200 
amount in a pound of pure lard.“ Pemmican often yielded 6,200 to 

3.500 calorics, depending on the mho of fat- 

pound «f pemmiran was needed for the day's mtion, although the 
hard^working c^reur.-d.-Ui» of the fur brigade often consumed 
pound and a half to two pounds, when makmg long 

Tliese French Canadians (esp^ially those ^^^bng for the Hnd 
sou’s Ray Company) carried their pemmicHU ^ the pie« &nce 
a piece of pemmican varied from 80 to 90 pounds “^0 

son’s Bay porters carried one, two, or three pieces SO to 90, 

"V. Stefanswa. •'PemmMn. AcOvmes iieiwri jv 
A f.#f.Sat«, FofMl nna Canlaiaer taatltate, Inc. vol. 3, 
principal work on pemnUcaa ia In Not tr brcnrl elcae, pp. Ift^lST, 

^ SMnn to author, Fohninry 1R, lS5r», 
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to 160, or 240 to 970 pounds. In additionj they wer& ^^allowed^’ to 
carry anything: their own equipment^ such as th^ir blariketSt 

hatchet^ pJpPt tobacco, mosquito net, spare clothes^ and even a present 
for the wife.^ '^Three-piece” men were rare, famous from Edmonton 
to Jhe j\rctic Ocean, and well-nigh Dominion heroes. 

One of the fears espressed regarding a pemmican diet aro&e at the 
heginning of "World War 11^ when tlie military and naval physicians 
worried about the development of ketO€iis in the average soldier or 
sailor—especially if he received only a fat and protein diet wiihont 
carbohydrates to serve as a Source of quickly available glycogen (tvnl- 
mai sugar as it esiists in the blood). Wlieii ilic available supply of 
glycogen gets low, one undergoes a fomi of nerve poisoning by the 
ketones, which are oue of the products of fat metaliilism and which 
are very active chemically since they characteristically have only on 
atom of oxygen to one of carbon and are really ^^pivdatoTy” on the 
uervoiis system. Peary and other Arctic eitplnrers offset this by us ing 
a supplement of ship’s biscuit, but the hard-working trappers and 
voyagers seemed to have grown into ai;ljusimcnt to the high-fat low- 
carbohydrate diet os a matter of long conditioning. 

Wliile floiue military subjects oji an experimental p<^mmican diet 
during World War II develDped the odor of ketones on their breath, 
apparently the only one? who believed ihetnsclves seriously atFcctcd 
were those who had been Informed of such a possibility in advance.’* * ** 
Ketosis, in the extreme, is what causes athletes to colkpf^ at the end 
of a strenuous^! race, but it is quickly OTcrcome by the introduction of 
glucose into the circtilation. Under ordinaiy military conditions, 
where one would choose in an emergency between the consunq^tiou of 
pencunicar] or the po^ibility of starvation, pcimnicau seems to be far 
the more intelligent :3elcction. Men accustomed to eating it would 
scarcely exchange such food for anyth ing else, as noted later. 

A second worry arose over scurfy. This last disense is caused by a 
deficiency of vif amiri C in the diet. Nearly a century ago it threatened 
winter life on the frontier^ and was not a disease expected solely at 
sea or in tlie barren north. Col. Philippe Regis de Trobriond 
struggled against it among his troops in Dakota in tlie winter of 
lbGT--08. He begged for cattle for fresh meat as early in the fall as 
^ptember for, he said, ^*some i lises of scurvy have already bx^oken out 
in L1 i£ garrison as a result of using salted meat and being without vege¬ 
tables too long.” ilany times authorities believed that scurvy was 

“ Stefanssoii to Febroary 1% 1953. 

* iGterrlew of OoL E. 0. Mat tick hj author, Jwnniir^ 1042. 

**FlUilJi» St Regis file Trohrland, Military UTe la UaJeota. etL by LurSle M. 
Kane, p. Tl, St, Pant 
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caused by lack of exercise aud by tiltii, but by llarcli, de TrobrSand 
was convinced that it was due to sometbing lacking in the food. He 
blamed thfl “Vumtatiou of fare whicb, because of the absence of frosh 
Tegetablos, eggs, fowl, veal, mutton, and even game, had reduced us to 
a diet that brings scurvy to the soldiora and takes the edge off the 

Eippetites of the oflioers.'’ j- 

Meat may lack the concctHratioiis of vitamin C to brmg instant 
Oierapeutic response, but by de Trobriand’s time commanders in the 
field know that it would bring early relief, mid when used m advance 
would prevent the appeai'ancc of the disease. A half-centuiy later, 
Dr Alfred Hess presented a paper on scuri^ before the American 
Medical Association in New York.” He stated that he nsed fresh 
lemons, Imies, grated oranges, and grated raw vegetables, but on meat 
alone Stefansson obtained the same results. Both diets iwimj^ four 
days for recovery. Furthermore, they were found to be equal ly quick 
acting in cases of stmvy when tho patients were gloomy in spirit, too 
weak to stand, and had pain in every ioinU 
iVnother decade was required after de Trobriand to give proper 
credit to iwiiunitan on these points. A serious outbreak of scurvy 
took place among the members of the .Arctic expedition of Sir 
N'ares in lST5* *-7fl and a committee was appointed by the British aa- 
miralty to conduct his court-martial. Tlie most effective witness was 
Bear Adm. Sir Leopold McClintoek, wlio had been the outjaiithng 
nersonuge to emerge from tlie numerous searches for tho lost Sir John 
Franklin osiwdition of tlie late 1840's.« He testified that he used lime 
juice (the standard remedy of tliat date) on only one espedihon, and 
that whenever he could use fresh meat—and he stated emphatie^ly 
that he considered tlia dried meat in pemmican equally as efficient as 

fredi—he had no trouble with scurvy. 

During World War TI some authorities objected to the assumed, 
high percentage of protiiin m pemmicaii, and lecoimnendt^ the ad¬ 
dition of carbohydrates. Protein requires more water m human 
metabolism Uiaii starches and sugars. Iti fact tho water requirement 
is more than seven times as great in protein. But starches and sugars 
cannot rebuild the nmscular tissue and hmimn vigor declines, whde the 
euergy-reJeasing foods accumulate uselessly because the human ma¬ 
chine is running down. Tlie fat in pemmican is particularly ™port- 
ant in this connection for it releases relatively large amoutite of water, 


-lbt(b,ilL23k w j „ 1-1 

" Steffliissim quotes Hess In Not br ttread alone, p. lil 

• Report of the Comintctw .appointed bj the Lorfla CoinmiiHioaora 

Arctic —preiented to iwta nonces of ParlmcoOTt ^ 

mind McClintock-s testtuiony was Bi' en January 20, 1877. oft p. 110 ff . 


Oft pp. 8243-8399. 
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about 1.1 grams of metabolic water to each gram of faL Popular 
knowledge of this pbenonietiou comes from tlie fat of the camel^e 
hump, tlie water tank of the “ahip of the desert^' Hence, plane crews 
bailed out on tlie arid plains^ or Bailors cast out In a life boat can live 
much longer on pemmican because the fat conserves the body water 
and the protein rebuilds the body tissue* If lost for a short time carbo¬ 
hydrates are satiafactoryj but if the time la longer protein must be in 
the ration for survival. If one has room enough for starchy products 
there is a slightly greater amount of metabolie water formed per 
calorie of energy from starch than is formed per calorie of energy 
from fat. However, die difference is very small, and the fat and 
protein combination Is a much more compact unit of energy than is 
the starch and proteiu coiubination."" 

Pemniican was not planned to be a regular food supplanting all 
others, but was really an esplorer^s, adventurer's, or traveler’s ration* 
It was intended for hungry men, not for epicures^ gourmets, or con^ 
noiaseurs. The remarkable thing about it was that it could be used 
so longj be completely nutritive, and still appeal to the man using it. 
It creates no appetite when first placed in the mouth, but the longer 
it stays, the better it tastes, and the longer one eats it the more bo 
appreciates it* After living on it for months at a time, oa Eeveral 
polar tripa. Admiral Peary wrote: 

It Ib tliifi muai satisfvLnf foca Uiat I know. I tecan InnninorDhle marclif^ In 
blli&r when men and Lad worked to tlie MmJt and 1 reached 

Ibe place for camp feeling aa If J conld eat my weight o£ Anythlo^. When the 
petumJean was dealt out, mnd I saw my Uttle bull'pennd lump, about aa 

large aa the bottom tMrd of an nrdtnary UrUikln^ sIheh, I have often felt a auUen 
mse that life ahoulil contain sdcIi BituaElona By the time 1 had dnlEhed the 
last morsel^ I would not bare walked aroiiud the eompleted fur auytliLn^ 
nr OTOrythlaa that the St, HesH the BLaekatone* or the Balaea HoteL could 
have put before mo," 

In a similar vein Baymond B. Pri^tlcy, who was a member of tho 
Bcientific staff of the first Shaddeton Expedition, 1907-09, and the 
second Scott Expedition, 1910-13, is equally full of praise: 

trader orillnary rlrcnunstancea, wh^a on^ first atarta nn a jrnirtiey, dne'a fun 
allowance Is Beldom eaten, biit, as tlmo pasiieB and the work and the keen ft Ilf 
take one heeomea hungrier and hun^rleri until the aJedglng allowonee of 

peimn lean Lb not iniJEclcnt to aatt^y me cravings aroused. It ia ihea that pem- 
mlran La truly appreciated ftl i ts full wortlL Noth Ida rise Is eomparahle with 
it, I have taken all aett^ of delleacJ^ on abort trips whan the food allowance 
la elnstie, 1 have picked up similar dollcficlea at depots aloq^ tho line of marcht 
and 1 have evco taken a Email pLam-pudding^ nr a ptece of weddicg-cake for Jl 

"Shinn tn author, Fahrtmry 18, 

■Admiral Bobert E, Peary, The aecreta of polar traveL pp. 77-T9* New 
York, m7. 
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CutlfltiDM trc*t. Imt an eiery soch asaritm I woaM willingly IwTc^glwn dUier 
at the» liwnfles fof hnll Ita tb® repilntlcMi pennnltui. 


Stofansson caps it bH by writing: 

Feounlcao... hM b™ ^ waHaiae tnnting good to Oiom wlOi good oppe- 

tlteo, even wken no food bnt peramjean baa been wed tor weeto ^ en^ . .- 
Bo^ IB about pemmlcaa as tbe Scots are aaW to remark about whlsty—tbere Is 

no bad petomicon. bat Mtne are better tban otbers**' 

That this statement applies to a man with bis heart m ma work 
rather than to one with play in bis heart is obTioua, but which man 
of the two converted our “wide-open spaces?' into onr modem economic 

scenel 


* pHeatVey, Antarctle M-Areutim, p. 044, 

^ g,t ^ffliTi«g niP, p. ^1- 


Renrints of tins varioM articles in this Report may be obtained, w long as 

DiviflioUf. SmidwoniAD WnfilunglOD y 
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